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UNCLASSIFIED  ABSTRACT 


Stabilization  studies  on  a  higher  energy  oxidizer  Included  the  study  of  the  early 
stages  of  thermal  decomposition,  analysis  of  a  contaminate,  optimization  of  a  treatment 
procedure,  studies  on  the  mechanism  of  stabilization  and  a  semi-empirical  additive  screening 
study.  Decomposition  studi'^s  showed  that  changes  in  the  decomposition  process  occurred 
during  early  stages  of  decomposition.  Gas  evolution  during  the  induction  period  is  unrelated 
to  the  length  of  the  induction  period.  A  new  method  of  stabilization  was  demonstrated  and 
optimized.  Attempts  were  made  to  overcome  the  inherent  disadvantages  of  the  stabilizisr.  A 
synthesis  study  indicated  that  synthesis  conditions  affect  the  stability  of  the  oxidizer. 
Leads  on  new  additives  were  found  in  the  .=creening  study. 
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I.  INTRODUCTION 


(C)  Nitroniuni  Perchlorate  (NP)  is  the  most  energetic  solid  oxygen  oxidizer  known. 
Many  of  the  properties  of  NP  enhanct  its  potential  as  a  solid  propellent  ingredient.  In 
addition  to  its  high  energy  valucj  it  is  a  non-volatile,  high  melting,  dense  crystalline 
solid  which  can  be  prepared  easily  at  a  reasonable  price  and  handled  safety  on  a  large  scale. 
Only  its  extreme  reactivity  and  marginal  thermal  stability  have  prevented  its  utilization 
in  solid  propellant  formulationj . 


A .  OBJECTIVES  OF  THE  PRESENT  STUDY 

(C)  This  study  focused  on  the  problem  of  NP's  thermal  tability.  The  overall 
purpose  of  the  atudv  was  to  discover  methods  of  preparing  stabilized  NP  either  by  the  use 
of  additives,  new  i  eating  techniques,  and  by  new  synthesis  techniques  from  ultra-pure  raw 
materials.  The  primary  objective  was  the  preparation  of  NP  which  shows  no  gas  evolution 
at  SO^C  for  100  hts.  In  addition  to  this  primary  goal,  we  realized  that  the  ultimate  use 
of  NP  is  also  dependent  on  its  long-term  stability.  Since  the  decomposition  of  NP  has  been 
characterized  as  an  autocatalytic  process,  the  start  of  the  accelerated  decomposition  is 
critical  to  its  long-term  stability.  Therefore,  a  secondary  objective  of  the  study  was  the 
discovery  of  factors  which  Inh’blt  or  retard  the  onset  of  the  accelerated  decomposition. 

B.  TECHNICAL  BACKGROUND 

1 .  Nature  of  the  Problem 

(U)  The  thermal  decomposition  of  nitronium  perchlorate  has  been  studied  (^)  in 
the  range  of  69.99  to  112. 3®C.  This  kinetic  study  of  the  overall  decomposition  revealed 
that  (1)  the  decomposition  is  an  autocatalytic  process;  (2)  there  is  an  induction  period 
with  a  slow,  nearly  constant  gas  evolution  (corresponding  to  0.51  decomposition);  (3)  except 
for  minor  changes  in  the  Induction  period,  there  is  no  variation  with  sample  size;  (4)  th« 
decomposition  gives  approximately  3  moles  of  gas  per  mole  decomposed;  (5)  the  maximum  rate 
occurs  when  the  fractfon  dccomnosed  (a)  is  approximately  0.2;  (6)  during  the  acceleration 
period,  a  is  proportional  Vo  t^;  and  (7)  after  the  maximisD,  dCC/dt  shows  a  linear  decrease 
with  increasing  a.  It  was  found  that  between  0.5  to  951  decomposition,  the  data  agreed 
with  the  theory  of  Mampel.  Thus,  after  the  Induction  period,  the  process  conaists  of  a 
first-order  initiation  of  nuclei  followed  by  three-dimenaional  growth  of  these  nuclei.  A 
suggested  modification  of  the  theory  included  a  mobile  equilibrium  of  the  active  sites  and 
the  interpretation  that  the  particle  size  referred  to  a  sub-crystalline  unit. 

(U)  The  overall  decomposition  of  NP  serves  as  a  reference  point  In  the  study  of 
its  sLsbilrzatlon.  The  autocatalytic  decomposition  is  tj’plcal  of  exothermic  solid 
decompositions  (2)  which  give  a  chaiacterlatlc  sigmoid  cv  ve  shown  in  Figure  1.  However, 
our  interest  lies  in  the  very  early  stages  of  decomposit.  -n  which  is  noted  by  the  small 
rectangle  in  Figure  1.  This  area  is  niaonified  in  yin.^^o  2. 


CONFIDENTIAL 


a .  Two  Problems  Exist 


CONFIDENTIAL 

3 


(U)  From  Figure  2  It  is  evident  that  the  stability  of  NP  actually  involves  two 
problems.  The  first  is  the  retardation  of  the  onset  of  the  accelerated  react-'.cn  (t^)  .  In 
any  practical  use  of  NP  as  a  propellant,  the  autocstalytic  decomposition  represents  a  severe 
hazard  which  must  be  avoided  during  the  life  time  of  the  propellant.  Thus,  large  values  of 
ta  are  necessary.  The  second  problem  is  the  minimization  of  the  gas  evolution  during  the 
induction  period.  Gas  evolution  during  formulation  and  storage  leads  to  voids  in  ':he 
propellant  which  cause  burning  difficulties.  In  addition,  the  use  of  coatings  to  overcome 
the  high  reactivity  of  NP  requires  minimal  gassing  to  avoid  rupture  of  the  coating.  ' 
Experience  with  other  decompositions  of  this  type  (2)  indicates  that  these  two  are  probably 
unrelated . 

b.  Study  Restricted  to  First  Percent  of  Decomposition 

(C)  Another  point  that  is  evident  from  the  figures  is  that  stabilization  is 
related  to  factors  affecting  the  first  percent  of  the  decomnosition.  In  addition  to  the 
difficulties  Inherent  in  studying  such  small  changes,  there  is  the  added  complication  that 
the  early  stages  of  decomposition  are  different  from  the  overall  process.  Gallery  Q)  has 
shown  that  the  decomposition  can  be  represented  by  the  following  equations: 

N02C10^  - >  NOCIO^  +  1/2  O2  (1) 

NOCiO^  - >  NO2  +  CIO2  (Ci2  +  O2)  +  1/2  O2  (2) 

During  the  early  part  of  the  accelere reaction  1  is  the  predominant  reaction.  At  some 
point  (t),)  ,  which  Is  not  evident  from  li':  gas  evolution  curve,  reaction  2  becomes  Important. 
The  overall  reaction  produces  3  moles  of  gas  per  mole  of  NP  decot.posed.  However,  during 
the  Initial  acceleration,  only  O.S  mole  of  gas  Is  produced  per  mole  decomposed.  Thus,  the 
0.57p  decomposition  reported  for  the  lower  limit  of  agreement  with  theory  may  represent  up 
to  37.  of  actual  decomposition.  The  IX  decomposition  shown  In  Figure  2  Is  based  on  reaction 
1.  Lack  of  knowledge  of  both  the  processes  Involved  In  the  Induction  period  and  the 
composition  of  the  gas  evolved  In  this  period  provide  further  Incentive  for  the  study  of 
tills  perloil. 


2.  Previous  Findings 

(U)  Previous  v-'-k  on  tb"  stabilization  of  NP  was  carried  out  at  Esso  under  ARPA 
Contract  No.  DA-3C)-069-Ota»- ^Ince  the  current  study  Is  an  extension  of  this  earlier 
work,  the  highlights  of  this  work  siesumDuirlzed  below.  In  considering  the  previous  data. 
It  Is  Important  to  realise  thsr  the  seccurc  'f  stablllL^  was  the  amount  ot  gas  evolved  In 
unit  tlm  at  a  given  temperature.  The  Importance  of  tg  was  realized  Just  prior  to  the 
current  study. 


a.  Water  Affects  Stability  of  NP 

(C)  The  previous  results  obtained  by  Esso  and  others  supported  the  view  that 
environmental  water  Is  detrimental  to  NP  (^ .  This  hypothesis  was  largely  based  on  the  fact 
that  the  stability  of  coomerclal  NP  (Gallery)  could  be  Improved  by  vacuum  drying  or  by 
storage  In  a  dry-box  with  a  molature  content  of  only  1  to  5  ppm.  In  order  to  test  this 
hypothesis,  a  proton  analysis  method  was  developed,  but  the  final  testing  was  done  under 
the  current  study. 
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Stability  Variation  with  Water  Content  of  Environment 
(0.1  g.  samples) 


Water  Content  of 
Environment,  ppm 

Test  Temp. 

'C 

Gas  Evolved 
std.  cc./k./100 

50-100 

40 

6.6 

~  5 

40 

0.4 

60 

4.0 

<1 

60 

1  to  3 

The  above  data  Indicated  that  environmental  water  la  detrimental  to  the  stability 
of  HP.  However,  the  current  study  showed  that  the  relationship  between  water  and  N? 
stability  Is  more  complicated  than  Indicated  by  this  conclusion. 


b.  BFj  Improves  HP  Stability 

(C)  Initial  screening  studies  on  HP  stabilisation  showed  that  BF3  has  a  significant 
stabilising  effect.  This  Initial  finding  was  based  on  contacting  "as  received"  HP  with  BF3. 
This  treatment  \?as  subsequently  found  to  be  equivalent  to  dying,  'lepeated  treatment  or 
combined  treatment  of  dying  and  BF3  contacting  had  little  effect.  However,  when  a  small 
BF3  pressure  was  left  over  the  sample,  further  stabilization  was  noted. 


Ssmrle  (0.1  g.)  Std.  cc./g./lOO  hra.  at  60*C 

Dried  HP  2  to  3 

DP  +  10  am.  BFj  0.6 


c .  Test  Conditions  Influence  Stability  Results 

(C)  During  the  previous  study,  we  discovered  thst  other  varlstlons  In  test 
conditions  gave  unexpected  variations  In  "esults  .  The  most  drsmatlc  effect  was  the 

Importance  of  the  sample  wei^t/test  volume  ratio.  As  this  rstlo  Is  Incressed,  the  sppare.it 
stability  of  HP  also  Increases  as  Illustrated  by  the  following  dats. 


— ----j 


10  cc.  test  volume 


Sample  Size 
_ _ 


60*C 


Evolved  Gas,  std.  cc./g./lOO  hrs. 


70*C 


75’C 


0.1 

1.2  to  5.1 

(3.5  -  0.5  most  freq.) 

2.0,  3,6.  3.1,  3.1 

0.5 

0.4  to  1.0 

0.80,  0.65 

— — 

1.0 

0.3  tr  .5 

0.39,  0.39 

1.34 

2.0 

•  •  •• 

•  ••• 

0.65 
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Virlttlon  of  Apparent  Stability  with  Te«t  Volu-  i 
(0.5  g.  Samples) 

Test  Volume,  cc.  Gas  Evolved,  atd.  cc./g./lOO  hrs.  at  60*0 

5  0.37,  0.67 

10  0.82,  0.82,  0.96 

In  addition,  there  la  some  evidence  that  other  factors  also  produce  minor  varlatlonn  in 
apparent  stabilities.  These  factors  include  the  use  of  mercury  monometovs  for  measuring 
pressure,  the  procedures  for  cleaning  the  test  apparatus,  and  possibly,  reaction  with  the 
glass  surface.  However,  experimental  error  makes  it  difficult  to  assess  the  effect  of  these 
variables  with  any  degree  of  certainty. 


3.  General  Approach 

a .  Teat  Method  Selected 

(U)  Since  the  limited  knowledge  was  available  on  the  induction  period,  indicated 
experimental  error,  unresolved  dependence  on  test  conditions,  and  anticipated  screening 
studies,  we  realized  that  a  large  number  of  stability  tests  would  be  necessary  In  this 
study.  Therefore,  the  basic  test  method  selected  for  these  studies  was  the  standard 
Vacuum  Thermal  Stability  (VTS)  test  used  In  previous  work.  This  test  and  others  developed 
In  the  current  study  are  described  In  Appendix  I.  Although  this  method  had  several  minor 
disadvantages,  e.g.,  reaction  of  the  product  gases  with  the  mercury  In  the  manometer,  this 
was  overshadowed  by  (1)  the  simplicity  of  the  test;  (2)  the  number  of  tests  that  could  be 
carried  out  simultaneously;  and  (3)  lack  of  any  jther  trouble-free  method.  In  addition, 
tests  were  largely  restricted  to  0.5  g.  samples  since  we  were  more  interested  in  Inherent 
stability  factors  rather  than  teat  parameter  effects.  A  further  restriction  was  the  almost 
exclusive  use  of  60*0  as  a  test  temperature  which  is  specified  in  the  target  goal. 


b.  Proton  Analyala  Used  as  a  Guide 

(C)  In  order  to  verify  the  effect  of  water  on  the  stability  of  NP,  some  measure 
of  the  "water"  content  was  required.  We  used  the  proton  analysis  technique  develo^^ed  under 
the  ARPA  contract  to  correlate  the  "water"  content  with  stability.  In  this  corre'.ation, 
we  Investigated  both  the  initial  gas  evolution  snd  the  time  to  the  onset  of  the  accelerated 
decomposition,  t^. 


c.  Stabilization  Study  Pesignsd  to  Aid  Additive  Selection 

(C)  Initially,  s  basic  study  of  BPj  stabilization  was  planned.  In  this  study  we 
hoped  to  determine  (1)  the  effect  of  BF3  on  ths  nature  of  the  NP  decomposition,  (2)  the 
stoichiometry  of  BF3  stabilization,  and  (3)  the  nature  of  the  interaction  of  fiF3  with  NP. 
Later,  this  approach  was  shifted  to  s  more  promising  additive.  In  these  studies,  we  hoped 
to  astablish  s  basis  for  the  future  selection  of  additives  for  NP  stabilization.  For 
effective  additives,  maximum  stabilization  wss  established  by  optimization  studies.  In 
addition  to  this  fundamental  approach,  we  continued  some  limited,  empirical  screening 
studies. 
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d .  Ultra-Pure  NT  to  be  Synthesized 

(U)  Although  our  major  effort  was  directed  toward  the  stabilization  of  ccunmerclal 
NP,  synthesis  of  ultra-pure  NP  was  planned.  Use  of  an  available,  small  laboratory  synthesis 
unit  was  expected  to  provide  the  preparation  of  ultra-dry  NP  and  also  evaluation  of  purity 
variation  with  synthesis  conditions.  Comparison  of  the  stability  of  NP  prepared  In  the 
laboratory  with  that  of  commercial  NP  would  give  further  insight  Into  the  need  for 
stabilization  of  the  latter.  However,  severe  limitations  to  this  approach  were  uncovered 
in  the  course  of  our  studies. 
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II.  SUMMARY 


(U)  Stabilization  of  nltronlum  perchlorate  (NP)  was  approached  by  a  study  of  Its 
early  decomposition,  a  mechanism  study  on  known  stabilizers,  and  an  empirical  screening 
study  of  various  additives.  Stability  measurements  were  based  on  a  60°C  Vacuum  Thermal 
Stability  ()/TS)  test.  Two  criteria  of  stability  were  observed  --  (1)  gas  evolution  after 
100  hrs.  at  60®C,  and  (2)  the  time  for  the  onset  of  accelerated  decomposition  (tg). 
Decomposition  studies  showed  that  NP  gives  widely  scattered  results;  that  the  decomposition 
process  undergoes  change  between  each  of  the  three  petlods:  Induction,  early  acceleration, 
and  late  acceleration. 

(C)  Stabilization  by  boron  trlfluorlde  (BF^)  la  of  limited  utility.  For  some 
samples,  conta' ' ^ng  with  BFj  Is  equivalent  to  drying  and  results  In  lower  gas  evolution. 

For  other  samples,  contacting  with  BF^  has  little  If  any  effect.  Stability  tests  run  In 
the  presence  of  BF^  Indicate  lower  gss  evolution  but  BF^  Is  consumed.  Mass  spectral  results 
Indicate  that  BF2  scavenges  nitrogen  oxides.  Moderate  pressures  of  BF^  (ca.  600  mm)  appear 
to  Increase  but  the  effect  Is  not  large. 

(C)  A  study  of  the  proton  content  of  various  NP  samples  showed  a  complex 
relationship  between  NP  stability  and  water.  NP  Is  hydroscopic  and  readily  reacts  with  H2O; 
however,  volatile  products  ave  formed  and  therefore  the  "vater’*  can  be  removed,  This 
relationship  appears  to  be  responsible  for  the  wide  varlatl.^n  In  stability  results.  At  low 
levels  of  water,  gas  evolution  appears  to  Increase  with  Increasing  water  content;  but, 
optimum  amounts  of  water  retard  the  onset  of  accelerated  decoutposltlon .  However,  the  history 
of  the  sample  can  be  as  Important  as  the  "water”  content. 

(C)  Water  treatment  of  NP  produces  a  marked  Increase  In  Kg.  Untreated  NP  undergoes 
accelerated  decomposition  after  100  hrs.  In  contrast,  NP  treated  w'‘'h  1.23  wt.  7.  H2O 
(10  mole  7.)  has  produced  values  of  tg  greater  than  1000  hrs.  at  60*C.  In  addition,  this 
treatment  gives  minimal  gas  evolution  (0.5  std.  cc./g./lOO  hrs.)  for  ti.  stments  In  the 
range  of  5  to  IS  mule  7.  H2O.  A  study  of  variables  showed  that  treatment  .  'ocedures  are 
Important.  Also  the  stabilization  of  water  treatment  can  be  reversed  by  puu.  Ing. 

(C)  Other  studies  Indicate  that  the  stabilizer  In  water* treated  NP  Is  h> 
nltracldlum  perchlorate,  H3N03(C104)  2>  which  actually  Is  a  mixed  crystal  system  of  hy^.  ■  ■■'turn 
perchlorate  and  NP.  This  Implies  that  stabilization  Is  effected  by  modification  of  the 
crystal  structure  of  the  surface  layers  of  NP. 

(C)  Because  of  the  "reversibility"  of  water  treatment,  maintenance  of  NP  stability 
requires  coating.  Unfortunately  water- treated  NP  has  sufficient  latlllty  to  Interfere 
with  the  "Reta"  coating  process.  Attempts  to  control  this  volatlll  included  precoating 
with  Kel-F  waxes  and  ammonia  treating.  Pellets  made  from  10  mole  %  water-treated  NP  were 
precoated  with  Kel-F  waxes.  Some  reduction  In  volatility  was  obtained;  but,  the  films  of 
Kei-f  wax  were  too  weax  to  give  complete  retention  of  the  stabilizer.  Ammonia  treatment  of 
water-treated  NP  also  reduces  the  volatility.  However,  a  short  study  of  the  effect  of 
treatment  conditions  showed  wide  variations.  These  results  Indicate  very  complex  Interactions 
thus,  It  Is  doubtful  the  process  can  be  utilized. 

(C)  The  additive  screening  study  Indicates  that  few  materials  Improve  the  stability 
of  NP.  The  results  showed  some  Improvement  by  fluorine.  Iodine  pentoxlde,  and  some  acids. 

The  latter  Is  probably  a  variation  of  water  treatsient.  The  first  two  do  not  appear  practical 
bf.t  may  merit  further  .study  from  a  mechanism  standpoint.  Many  ocher  materials  such  as 
salts,  metal  oxides,  fuels  and  others  are  detrimental  to  the  stability  of  NP. 
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(C)  We  attempted  to  modify  the  crystal  surface  of  N?  with  nltronlum  and  ammonium 
tetrafluoroborate.  However,  these  attempts  did  not  show  any  signs  of  Improved  stability. 
Lack  of  a  good  solvent  for  Intimate  mixing  seriously  Jeopardized  this  approach. 

(C)  NP  was  prepared  In  a  laboratory  unit  designed  to  produce  ultra-dry  and  CO2- 
free  NP.  Complete  elimination  of  CO2  was  not  achieved.  All  samples  showed  high  gas 
evolution;  but,  we  believe  this  Is  due  to  the  very  small  particle  size  produced  rather  than 
the  presence  of  Impurities. 
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III.  GEWERAl.  STUDY  OF  INITIAL  DECOMPOSITION 

A.  RESULTS  SHOW  VARIATIONS 


(U)  Stability  results  on  in’  from  various  laboratories  showed  a  wide  range  of 
values.  From  our  previous  work,  the  obvious  explanation  for  this  result  was  variation  in 
environmental  factors.  However,  multiple  tests  were  undertaken  to  demonstrate  the  reproduci¬ 
bility  of  results  obtained  in  our  laboratory.  Surprisingly,  our  results  showed  considerable 
variation. 


1.  Stability  Results  Show  Marked  Scatter 

(C)  As  mentioned  in  the  introduction,  our  prime  measures  of  stability  are  the 
total  gas  evolution  per  gram  of  NF  after  100  hrs.  at  60‘C  in  the  standard  test  procedure 
(Appendix  I)  and  the  time  for  the  onset  of  the  accelerated  decomposition  (t^) .  Multiple 
tests  were  made  using  NF  from  two  different  bottles  of  NF.  The  designation  uf  these  samples 
is  summarized  below: 


Our  Designation 
276-6 
276-138 


General  Reference 
Older  Gallery  Bottle 
Newer  Gallery  Bottle 


Gallery  Lot  No. 
1293-10 
1293-10-28 


The  results  of  these  tests  showed  considerable  scatter  in  gas  evolution  and  an  apparent 
difference  in  the  two  samples. 


_ Number  of  Samples  in  Various  Thermal  Stability  Groups _ 

NF  Groups  Based  on  cc.  of  gas  evolved/g./lOO  hrs.  at  60*G 

Bottle  0-0.20  .21-. AO  .41- .60  .61- .80  .81-1.0  1.01+ 

276-6  —  2  6  2  2 

276-138  —  2  3  6  2 

In  contrast,  the  t,  remits  showed  only  minor  scatter  for  bottle  276-6  but  considerable 
scatter  for  bottle  27o-138.  This  latter  effect  may  have  been  related  to  the  freshness  of 


the  Baqq>le. 

Number 

of  Samples 

in  Various  Acceleration  Groups 

NF 

Bottla 

0-50 

Groups 

51-100 

baaed  on  time  to  onset  of  acceleration,  hrs 
101-150  151-200  201-300  301-A00 

A0(H- 

276-6 

___ 

10 

1 

1 

--- 

276-138 

3 

2 

2 

4 

'  hia  scatter  was  too  large  to  be  attributed  to  experimental  error.  Thus,  the  IniMal  stages 
of  the  decompoaition  appeared  to  be  sensitive  to  parameter a  not  normally  considered  as 
variables.  Later  work  confirmed  this  conclusion. 
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2 .  Gas  Product  Distribution  Varies  During  Deccunposltlon 

(C)  Mass  spectral  analysis  was  carried  out  on  the  gases  from  a  series  of 
decomposition  runs  to  Increase  our  knowledge  of  the  Induction  period.  In  this  series  of 
runs,  sealed  tubes  without  manometers  were  used  to  avoid  modification  of  the  gas  by  reaction 
with  mercury.  It  was  hoped  that  the  composition  of  the  evolved  gases  would  provide  some 
Insight  on  the  processes  by  which  they  arise.  The  following  graph  summarized  the  main 
variation  In  composition  of  the  gas  evolved  during  the  Initial  stages  of  decomposition. 

Figure  3 

Variation  of  Gases  Evolved  (U) 


a.  Many  Gases  Evolved  During  Induction  Period 

(C)  The  mass  spectral  analysis  of  the  gas  evolved  during  the  Induction  period 
Indicated  that  the  mixture  consisted  of  O2,  U02>  NO,  CO,  N2O,  HCl,  C102>  H2O  and  N2<  The 
most  predominant  gases  were  02>  N02>  NO,  N2O  and  C02<  The  presence  of  CO2  presents  a 
problem  which  Is  discussed  In  detail  below.  Since  the  acceleration  stage  apparently  arises 
from  the  growth  of  MOCIO^  nuclei,  the  evolution  of  oxygen  during  the  formation  of  the  nuclei 
Is  expected.  The  apparent  presence  of  nitrogen  oxides  suggested  some  alternate  process  was 
also  operating  during  this  period.  However,  the  mass  spectral  analysis  Is  subject  to  error 
If  nitric  acid  Is  present. 

(U)  In  order  to  determine  the  limitations  of  the  mass  spectral  analysis,  1007. 
nitric  acid  was  analysed.  The  following  results  wert  obtained. 


Run  No. 

7.  0^ 

X  CO^ 

CM 

a 

X  NO, 

X  NO 

X_S^ 

1 

0 

0 

0 

58 

8.1 

13.0 

6.0 

3 

l.A 

0 

1.1 

16.9 

16-9 

0 

5.4 
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As  shown,  our  mass  spectral  analysis  cannot  distinguish  between  HNO^  and  the  nitrogen  oxides. 
Furthermore,  the  variations  in  response  makes  It  Impossible  to  correct  for  possible  HNO^ 
contribution.  The  suspected  contamination  of  NP  by  water  is  a  likely  source  of  HNO^ • 


N02C10^  +  H2O  - >  HNO^  +  HCIO^ 

In  addition,  pressure  measurements  on  the  product  gases  at  different  temperatures  show 
deviations  from  Ideality.  This  suggests  that  condensable  gas  is  present.  Thus,  HNO3  is 
the  most  likely  source  of  the  nitrogen  oxides  Indicated  by  the  analysis. 


b.  Oxygen  Evolved  During  Early  Acceleration  Stage 

(C)  For  runs  stopped  In  the  early  part  of  the  acceleration  stage,  the  mass  spectral 
analysis  showed  a  similar  composition  but  a  much  higher  O2  content.  Consideration  of  the 
relative  amounts  of  gas  evolved  during  the  two  stages  led  us  to  conclude  that  only  O2  was 
liberated  in  the  early  stages  of  the  acceleration  process.  This  result  confirms  the  earlier 
conclusions  of  Gallery. 


c.  NO2  Evaluation  Delayed  In  Acceleration  Stage 

(C)  The  build-up  of  NOClO^  during  the  early  stages  of  accelerated  decomposition 
finally  results  In  the  formation  of  NO2  which  is  readily  detected  by  its  characteristic 
reddish-brown  color.  From  our  results,  gas  evolution  of  the  order  of  3  to  4  std.  cc./g.  of 
NP  (approximately  ^7,  decomposition)  and  higher  were  obtained  before  NO2  was  detected.  Hass 
spectrsl  data  also  indicated  that  little  evolution  of  nitrogen  oxides  occurred  prior  to 
the  appearance  of  the  characteristic  color  of  N02> 


B.  PRESENCE  OF  C0„  NOT  UNDERSTOOD 
- 2 - - 

(U)  The  presence  of  CO2  In  the  gases  evolved  during  the  Induction  period  was 
unexpected  but  Its  presence  was  confirmed  by  gas  chromatography.  The  mass  spectral  analysis 
Indicated  that  it  was  present  in  about  20  to  40%.  Thus,  this  is  a  signlficanc  contribution 
to  the  gases  evolved  during  this  period. 


1.  Source  of  C0„  Unknown 

(U)  Even  though  the  CO2  represents  a  significant  portion  ot  ..he  decomposition 
products  of  the  induction  period,  it  preset cs  less  than  1%  carbon  in  the  NP.  The  most 
likely  sources  of  the  CO2  are  (1)  a  carbonscenus  impurity  In  the  NP,  (2)  carbonaceous 
impurities  on  the  test  equipment,  and  (3)  adsorbed  C02'  Although  the  source  of  this  CO2 
Is  still  unknown,  it  is  doubtful  that  it  arises  from  the  test  equipment.  The  sealed  glass 
tubes  were  flamed  prior  ro  iiup.  To  the  enelycle  cf  1CC%  r.itrlc  acid  gav.i  ..u 

Indication  of  CO2:  thus,  it  does  noc  arise  from  the  analytical  equipment. 


2.  CO„  Problem  Not  Fully  Resolved 

(C)  Since  the  elimination  of  CO2  from  the  product  gases  should  significantly 
reduce  the  gas  evolution  during  the  induction  period,  several  attempts  were  made  to  reduce 
this  gas.  CO2  adsorbed  during  synthesis  seemed  to  be  a  likely  source  of  the  gas.  Althougti 
attempts  to  measure  the  adsorption  of  COp  on  NP  at  room  temperature  gave  no  detectable 
adsorption,  the  gas  evolution  during  stability  testing  was  greater  after  the  NP  had  been 
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in  contact  with  C02-  However,  NP  aynthesized  in  C02-free  air  (Section  X)  also  evolvsd 
C02-  In  conjunction  with  our  studies  on  water- treated  NP  (described  in  Section  VI), 
attempts  were  made  to  eliminate  CO2  by  heat  treatment.  The  rationale  for  this  approach 
was  that  CO2  is  probably  released  during  the  initial  heating  of  the  sar-le  ':iid  removal  of 
gases  at  this  stage  would  eliminate  any  further  contributions  from  CO2  These  attempts, 
however,  resulted  in  increased  gas  evolution  and  this  approach  was  therefore  dropped. 


Treatment 


Gas  Evciution,  std.  cc./g./lOO  hra.  at  50°C 


10  mole  7.  H2O- treated  NP 

Heated  22  hours  at  60“0  then 
107.  mole  7.  water- treated 

10  mole  1,  H20-traated  NP  heated 
6  hours  at  60°C  then  evacuated 


0.40  to  0.60 


(U)  The  incentive  for  CO2  elimination,  which  is  a  marginal  Improvement  in  gas 
evolution  during  the  induction  period,  atill  remains.  Further  work  on  this  problem  was 
deferred  because  of  the  more  important  need  for  control  of  t^. 

C.  MF.RCURY  MODIFIES  TEST  RESULTS 

(U)  The  possible  Influence  of  mercury  on  the  decomposition  of  NP  was  Investigated. 
The  initial  test  results,  shown  below,  indicated  that  mercury  produces  two  effects  on  the 
results.  The  amount  of  initial  gas  evolved  appears  to  be  decreased  by  reac  ion  of  the 
product  gasea  with  the  mercury.  This  waa  based  on  the  condition  of  the  mercury  in  the 
manometer.  The  magnitude  of  this  effect  appears  minor.  The  second  effect  ia  an  apparent 
mercury  catalyzed  decomposition  of  NP  brought  about  by  vapor  transfer  from  the  manometer 
to  the  NP.  The  addition  of  mercury  to  the  sample  is  obviously  detrimental.  However,  later 
work  with  stabilized  NP  showed  that  mercury  haa  no  effect  on  tne  start  of  the  acceleration 
reaction. 

Effect  of  Mercury  on  60°C  Stability 


Test  Condition 


Std.  cc./g./lOO  hra. 


^a,  hra. 


Standard  VTS 
(Hg  vapor  present) 


0.1  to  0.80 


70-150 


Valve  in  manometer 

(Hg  vapor  exposure  limited) 


0.81  to  1.00 


201  to  400 


Mercury  added 


1.21  to  1.4+ 


50  to  100 


Time  to  Formation  of  Brown  Fumes 


Test  Condition 


Standard  VTS 


Scaled  tube,  no  Ug 


222  to  412 
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IV .  BORON  YRIFLUORIDK  STABILIZATION 


A .  BORON  TRIFLUORinE  IMPROVES  STABILITY  RESULTS 


(C)  mcntloneci  In  Che  Introduction,  previous  studies  showed  tnaC  some  stsblll- 
zsclon  of  NP  could  be  effected  by  treatment  with  boron  trifl  loride .  However,  the  effect 
appeared  Co  b>i  limited.  In  Che  present  study,  we  hoped  that  a  further  Investigation  of  BF3 
stabilization  would  provide  us  with  some  Insight  for  the  selection  of  better  additives. 


1 .  Boron  Trlfluorlde  lowers  Gas  Evolution  Results 


(C)  The  effect  of  B?3  varied  with  different  samples  of  NP.  The  earlier  work 
Indicated  that  Irjwerlng  of  gas  evolution  of  some  samples  was  apparently  the  result  of 
drying.  The  eflecC  on  "dry"  samples  of  NP  was  dependent  on  the  presence  of  BF3  during  the 
stability  test.  The  Cable  below  suomarizes  some  of  our  stability  results  In  the  presence 
of  BF3. 


Treatment* _  Std.  cc./g./lOO  hrs.  at  60*C  ^a,  hrs . 


20  mm.  argon  0.28,  0.36  90 

43  on.  argon  0.40,  0.50  130 

(10  to  14  oiTu.  BFj  then  evacuated) -Repeated  3  times  0.52  to  0.56  60  to  90 

12  mm.  BFj  0.24,  0.30  90 

14  on.  BF^  0.10,  0.06  100,  110 

*  NP  used  was  a  homogenized  sample  from  bottle  276-138. 


The  gas  evoluClui:  from  the  evacuated  sample  la  within  the  range  noted  for  the  untreated 
sample  (Section  IIX,  A).  A  comparison  of  Che  argon  and  BF3  results  Indicates  that  the 
effect  of  BF3  la  chemical  in  nature  and  not  related  to  pressure.  The  variations  In  C,  are 
probably  due  to  experimental  error. 


2.  Boron  Trlfluorlde  Retards  Acceleration  Slltditly 

(C)  The  scatter  la  Che  t^  values  aiaong  the  lower  pressure  BF3-Creaced  and  uatreated 
N?  etebility  euggestfd  that  auj  eriect  o£  Br3  on  c,  waa  overwhelmed  by  some  other 

factor  which  Is  nof  readily  controlled  in  duplicate  testa.  To  determine  If  BF3  did  effect 
C^,  testa  were  conducted  at  higher  pressures.  These  experiments  were  carried  out  In  sealed 
Cubes  without  aanoemcers.  The  occurrence  of  accelerated  decompoalClon  waa  determined  by 
the  formation  of  brown  fumes.  Thus,  these  tests  actually  refer  to  tj,  (time  for  the  formation 
of  NO2)  but  should  reflect  changes  in  c^  (see  Flgtnre  2) . 


Time  to  Formation 

of  Brown  Fumaa 

Teat  Condition 

^b.  hours 

Sealed  Cube,  no  BF^ 

222,  364,  388,  412 

Sealed  tube,  100  mm.  BF^ 

388,  5/7 

Seeled  Cube,  760  h.  BF^ 

607,  607 
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The  sealed  tube  results  in  the  absence  of  BF^  show  the  magnitude  of  the  effect  of  the 
unknown  factor  on  t^.  The  BF3  results  show  a  minor  Increase  In  t^,.  Thus,  the  data  suggest 
that  BF3  tends  to  enhance  t^ ,  but  other  factor(8)  are  more  Important. 

B .  BFj  CONSUMED  DURING  STABILIZATION 

(C)  VTS  teals  were  run  on  NF  samples  Initially  treated  with  BF3 .  Mass  spectral 
analyals  of  the  evolved  gas  showed  that  BF3  was  not  present.  Thua,  EF3  Is  consumed  during 
the  decomposition  I  For  the  low  pressure  (12  mm.),  the  consumption  of  BF3  causes  an  error 
of  up  to  0.2  to  0.4  Btd.  cc./g.  In  the  results.  Thus,  BF3  stabilization  la  not  as  good  as 
the  data  Indicate.  Other  mass  spectral  data  were  obtained  In  sealeo  tube  experiments  (no 
mercury  present)  after  48  hours  at  60°C.  These  data  gave  the  product  distribution  shown 
below. 


Gas  Product  Distribution  After  48  Hours  at  60°C 


Sample 

N0^2 

NO/Oj* 

IS 

276-138-54** 

1.47 

0.85 

.86 

276-138-54 

0.99 

.61 

.86 

276-138-54  plus  BF^  treating 

0.14 

.10 

.60 

*  At  the  low  preaaurea  Involved,  the  reaction  NO  +  1/2  0.  - >  NO.  Is  alow 

and  NO  and  0^  exist  together  for  days.  ^ 

**  Homogenized  sample  from  bottle  276-138. 


The  variation  In  the  first  two  runa  la  typical  of  other  mass  spectral  results  on  NF 
decomposition  gaaes.  This  variation  Is  further  evidence  that  the  contribution  of  nitrogen 
oxides  to  the  gas  evolution  during  the  Induction  period  la  related  to  Impurities  rather 
than  the  decomposition  of  NF  per  ae.  The  similarity  of  the  CO2/O2  ratios  Indlcatea  that 
acceleration  haa  not  occurred;  therefore,  none  of  the  results  are  Influenced  by  large  O2 
evolution.  The  reduction  In  the  nitrogen  oxldea  after  BF3  treatment  Indlcatea  reaction 
with  nitrogen  oxldea  or  their  precuraora.  Such  reaction  would  yield  N02BF/^  and/or  NOBF^  (6) 
plus  other  products.  Although  Independent  proceaaea  for  the  atablllzatlon  of  NF  and  the 
consumption  of  NF  cannot  be  excluded,  BF3  appears  to  be  a  scavenger  of  nitrogen  oxides. 


C.  BFj  STABILIZATION  NOT  ENCOURAGING 

(C)  In  view  of  the  effect  of  BF3  on  gaa  evolution  and  t^.  It  seems  reasonable  to 
rr>nri,ide  tb.zt  the  ctzbility  imparted  by  Lula  reagent  is  leaa  than  that  suggested  by  our 
original  data.  The  lowering  of  the  gas  evolution  may  only  he  an  artifact  of  Its  consumption. 
Furthermore,  other  methods  are  more  effective  for  Increasing  t^.  This  became  apparent  In 
the  work  that  lead  to  water  treatment  of  NP.  During  thla  development,  a  sample  which 
originated  from  bottle  276-6  waa  Inadvertently  exposed  to  moisture.  This  sample  of  "wet 
276-6"  (0.043  wt.  X  H)  proved  to  be  fairly  stable  against  accelerated  decomposition.  BF3 
treatment  of  this  sample  showed  lower  gaa  evolution. 
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BF..  Stabilization 

of  "Wet  276-6" 

J 

std.  cc./k. 

at  60®C 

Treatment 

100  hrs. 

400  hrs . 

^a.  hrs 

Untreated 

.8  to  1.12 

2.18  to  3.38 

>600 

Evac.  23®,  10 

mm.  BF^,  evac.  28®C 

CM 

1.2 

>550 

Evac.  28®,  10 

ram.  BF^,  evac.  -196®C 

.60 

1.18 

>550 

Evac.  -196®C, 

10  mm.  BF^,  evac.  -196®C 

.72 

3.0 

150 

Evac.  28®,  10 

mm.  BF^ 

.42 

.82 

>550 

*  Runs  with  greater  than  signs  terminated  without  acceleration. 


Although  variations  In  the  test  procedures  appear  to  effect  the  results,  the  wet  sample 
gives  higher  values  of  t^  than  the  original.  In  this  case,  the  lowering  of  the  gas 
evolution  by  BV3'- treatment  appears  real.  The  treatment  Is  effective  even  when  the  BF3  Is 
removed  by  evacuation.  However,  further  work  on  H20-treatment  (Section  VI)  showed  that  10 
mole  7.  H2O  Is  the  optimum  level  of  treatment.  NF  so  treated  Is  not  Improved  by  addition  of 
BF3. 


BF_  Treatment  of  10  mole  X  H„0-Treated  HP 

■  J  . . . * 

std.  cc./k.  at  60*C 

BFj  Treatment _  100  hrs.  400  hrs.  ^a,  hrs. 


No  BF^  treatment 

.4  to  .58 

.74  to  1.43 

>690 

Evac.  28®C,  9  mm.  BF^,  evac. 

.46 

1.10 

>630 

Evac.  -196®C,  9  mm.  BF^,  evac. 

.54 

1.44 

400 

Evac.  28®,  9  mm.  BF^ 

.52 

1.12 

>630 

Evac.  -196®C,  9  osa.  BF^ 

.56 

1.44 

400 

Further,  one  combined  treatment 

- ®  -"•J 

n  «. - • 

vessel  ac 

end  of  the  10  mola  X  !I20- treatment.  The  BF3  was  then  removed  ny  pumping  at  -80*C.  This 
material  was  no  better  than  our  best  water- treated  HP. 


Sample 

Evac.  Temp. 

std.  cc./k.  at  60*C 

100  hra.  400  hra. 

<^a 

! 

1  BF^  treated  10  mole  X  H2O- tree ted 

-196®C 

0.40 

.90 

>550 

28®C 

0.38 

.86 

>980 
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(C)  From  these  studies,  It  wes  apparent  that  BF3  treatment  is  of  limited  utility.* 
It  was  also  evident  that  other  factors,  notably  water  treatment,  have  a  greater  effect  on 
NP  stability.  Finally,  the  wide  variation  In  experimental  results  made  further  mechanism 
studies  virtually  Impossible.  Thus,  studies  on  BF3  stabilization  were  terminated  and 
water  trertment,  which  appeared  to  be  more  promising,  was  pursued  Instead. 


*Nota:  JLlthough  the  results  hers  show  BF3  to  ba  of  llaltad  uaa.  It  should  ba  notad  that  the 
application  of  B?3  traatawnt  In  conjunction  with  Rats  coating  has  shown  significant 
lowering  of  the  Initial  gassing  (J). 
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V.  RELATIONSHIP  OF  WATi’R  CONTENT  TO  STABILITY 


(C)  Originally,  we  thought  that  ultra-dry  NP  was  the  key  to  stability.  In  order 
to  demonstrate  this,  a  proton  analysis  method  (Appendix  II)  was  developed  under  ARPA 
sponsorship.  The  use  of  this  method  in  the  present  study  established  the  relationship 
of  water  content  to  NP  stability. 


A.  STABILITY  OF  NP  VARIES  WITH  PROTON  CONTENT 

(C)  Initial  studies  on  the  relationship  of  wster  content  to  stability  were 
characterised  by  wide  variations  in  results.  Eventually,  it  becasie  apparent  that  these 
veriatioDS  were  due  to  the  complex  interaction  of  water  end  NP.  The  study  was  started 
with  sniE.'  es  from  the  two  bottles  of  NP  mentioned  in  Section  III.  The  analysis  of  these 
samples  is  given  below: 

Source  of  Samples  Proton  Content.  fct.X  Average  '*wt.X  H.yO” 

Bottle  276-6  0.023,  0.017,  0.017,  0.017,  0.025  0.l8 

Bottle  276-138  0.033,  0.030  0.28 


1.  Gas  Evolution  Increases  with  Proton  Content 

(C)  Stsblllty  tests  on  saaq|>les  taken  from  these  bottles  showed  e  wide  variation 
in  gas  evolution.  However,  multiple  tests  indicated  that  the  stability  of  the  two  samples 
was  different.  The  material  from  bottle  276-138,  which  had  the  higiiar  proton  content, 
gave  higher  gas  evolution.  Samples  with  other  proton  content  were  obtained  through  various 
trastmsnts. 

WuBber  of  Samples  in  Various  Thermal  Stability  Groups 
Groups  based  on  cc.  gas  evolved/g.  sfter  100  hrs.  st  60*C 
NP  Source  0  to  .20  ...1  tc  .40  .61  to  .60  .61  to  .80  .81  to  1.0  l.OH- 


276.6  —  2  6  2  2 

(0.02  wt.%  B2) 

276.138 

(0.032  wt.%  B2)  —  2  3  6  2 


Individual  proton  analysis  on  these  f^ll  sesvles  was  obtained  and  then  stabilities  were 
determined.  These  data  also  indleace  that  gas  evolution  increases  with  proton  content. 
The  lack  of  correlation  between  proton  content  and  t  suggests  that  at  this  low  "B2O'' 
level  other  factors  are  more  important. 
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Variation  of  60‘C  Stability  with  Proton  Content 

l,  TJt.7. 

Std.  cc./k./100  hrs. 

Hours 

to  t^  Accelei 

0.022 

0.52 

100 

0.023 

0.56 

>200 

0.033 

0.74 

90 

0.040 

0.72  to  0.92 

150  to  320 

0.044 

0.71 

150 

The  history  of  each  sample  was  not  identical  and  this  appears  to  have  Important  bearing 
on  the  effect  of  moisture  on  tg . 


2.  Relationship  Between  Time  to  Acceleration 
and  100  Hour  Gas  Evolution  Obscure _ 


<C)  The  lack  of  correlation  between  gaa  evolution  at  100  hours  and  the  time  to 
acceleration  Indicates  that  theae  properties  are  Independent  of  each  other.  However, 
expierlmental  factors  may  have  a  great  effect  as  evidenced  by  the  data  below. 

Nunfcer  of  Samples  In  Varloua  Acceleration  Groups _ 

Groups  based  on  time  to  onset  of  acceleration.  Hours 
HP  Source  0-50  51  -  100  101  -  150  151 -  200  201  -  300  301  -  400  40(H 


276-6  —  10  1  1 

(0.02  wt.X  Hj) 

276-138  —  3  2  ..  2  ..4 

(0.032  vt.l  H2) 

In  contrast  to  the  effect  of  water  content  on  gaa  evolution,  higher  water  content  gives  a 
better  value  Cor  t^.  Thus,  the  sample  with  the  lower  wat«^v  content  (276-6)  goes  auto- 
catalytic  more  readily  than  the  higher  sample.  Also,  those  samplea  from  bottle  276-138, 
which  gave  the  largest  values  of  t^,  were  the  first  to  be  removed  from  the  bottle.  Since 
previous  results  Indicated  that  fresh  Gallery  HP  fluff  undergoes  "drying"  during  storage 
ir.  the  dry  be::,  tb£  fi'wiu  buCClc  276-13S  nay  merely  represent  variation  In  wster 

content.  Even  though  no  general  correlation  between  100  hour  gas  evolution  and  t^  Is 
evident,  no  samples  with  extremely  low  (0.2  cc.)  gas  evolution  at  100  hours  have  exhibited 
high  values  of  t^  (300  hours).  These  observations  led  us  to  the  conclusion  that  an  In¬ 
crease  In  water  content  nlg^t  also  produce  higher  values  of  t^. 


B.  INTERACriOH  OP  WATER  AHD  HP  IS  COMPLEX 

(C)  In  the  course  of  the  above  work  on  the  correlation  of  water  content  and 
stability,  proton  content  determinations  were  made  on  various  samples  of  HP.  The  wide 
variation  experienced  In  stability  tests  on  samples  from  bottle  276-138  led  us  to 
Investigate  the  homogenlty  of  the  samples  with  regard  to  proton  content.  We  attempted 
to  homogenise  the  HP  by  grinding  It  in  the  dry-box.  This  and  othsr  Investigations  on  the 
proton  content  over  several  ssmths  yielded  the  following  date. 
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Sample 

H,  wt.% 

Top  of  bottle 

0.058 

Top  of  bottle  (Exposed  overnight  in  dry  box) 

0.036 

i'Tithin  bottle 

0.037,  0.030 

Homogenized  #1  (Exposed  19  hours  in  dry  box) 

0.037 

Homogenized  #2 

0.020,  0.028 

Homogenized  #3 

0.036 

Homogenized  #3,  from  VTS  prior  to  heating 

0.018 

Homogenized  #1,  residtie  from  VTS 

"Moisturized"  samples  (used  moist  air  flow  technique) 

0.013 

0.5  ppm,  1  hour 

0.025 

4  ppm,  45  minutes 

0.022 

7.5  ppm,  1  hour 

0.027 

15-20  ppm,  20  minutes 

0.044 

(U)  The  variation  in  proton  content  in  theae  aaisplea  ia  much  greater  than  the 
experimental  error  obaerved  in  the  calibration  of  the  method.  At  first  glance  it  appears 
that  the  NF  in  bottle  276-13b  la  very  heterogeneous.  However,  analyaia  of  the  other 
samples  shows  that  the  proton  content  of  the.  samples  is  subject  to  change..  The  magni¬ 
tude  of  the  change  appears  lindLted.  Thus,  preparing  a  aample  for  VTS  testing,  which 
includes  a  10-minute  evacuation,  produces  a  marked  decrease  in  proton  content.  However, 

\':he  residue  after  VTS  shows  no  apparent  reduction  in  proton  content.  In  addition,  at¬ 
tempts  to  Increase  the  proton  content  by  contact  with  moist  air  gave  mixed  results.  In 
seme  cases  the  saaiples  becaaie  drier  than  the  starting  material. 

(C)  The  explanation  for  these  curious  results  lies  in  the  lability  of  the  H2O- 
NF  interaction.  NF  is  very  hydrophyllc  and  reacts  rapidly  with  water,  ihis  reaction 
can  oe  represented  by  the  following  reactions 

N02C10^  +  H2O  - >  HNO3  +  HCIO^  (1) 

NO^CIO^  +  H,0  - >  (2) 

2  HHO3  +  2  HCIO^  - >  H2N02C10^  +  HHO3  (3) 

Tho  expected  products  from  the  reaction  of  water  and  NF  are  nitric  and  perchloric  acids 
(Reaction  1).  With  a  large  excess  of  HP  present,  theae  acids  would  be  anhydrous  and  there¬ 
fore  volatile.  However,  the  adsorption  of  the  acids  o.n  the  NF  cannot  be  excluded.  In 
fact,  there  is  evidence  (S)  of  a  solid,  NF-hydrate  which  has  the  coaqxisition  shown  in 
Reaction  2.  Finally,  the  combination  of  nitric  and  perchloric  acid  produces  hydronitra- 
cidium  perchlorate  (9)  shown  In  Reaction  3.  This  compound  was  believed  to  ba  a  mixture 
of  NF  and  hydronium  ^rdilorate,  H^OCIO^.  However,  a  store  recant  interpretation  (10) 
is  that  it  ir  a  mixed  crystal  system  of  tha  two.  Furthermore,  the  NF-hydrate  may  also 
represent  a  similar  mixed  crystal  system  with  a  dlffai-ent  composition. 
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(C)  Whatever  Its  actual  compoaltion,  hydronltracldlua  perchlorate  exhibits 
a  alight  volatility  and  aubllmes  as  a  mixture  of  nitric  and  perchloric  acids  (10). 

Thus,  nltronlum  perchlorate  readily  reacts  with  water,  even  at  very  low  concentrations; 
but  It  also  Is  ab?e  to  "lose  water"  by  the  liberation  of  nitric  and  perchloric  acids. 
This  explains  why  NP  with  a  low  proton  content  la  subject  to  change  when  handled  In  a 
dry-box.  Uider  relatively  static  conditions,  water  Is  retained;  but  under  dynamic  con¬ 
ditions,  "water"  Is  loat. 
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VI.  WATER  TREATMENT  OF  NP 

(C)  The  proton  content  study  Indicated  that  (1)  ta,  the  time  for  the  onset  of 
accelerated  decomposition,  mlg^t  be  Increased  with  water,  and  (2)  the  proton  content  of 
HP  tends  to  change  during  h'n'lllng.  Both  of  these  conclusions  suggested  that  water 
treatment  of  HF  would  give  better  control  over  NP  stability.  Further  proof  of  the  ad., 
vantage  of  added  water  on  t^  was  derived  from  a  test  In  a  sample  of  NP  which  had  In¬ 
advertently  been  exposed  to  moisture.  Convinced  of  the  value  of  water  treatment,  we 
studied  the  systematic  addition  of  water  to  NP. 

Effect  of  Moisture  on  60*C  Stability 
Sample  Std.  cc./g./lOO  hr'».  t,,  Houra 

Standard  276-6  0.41  to  0.60  51  to  100 

"Wet"  276-6  21.0  >400 


A.  WATER  TREATMENT  ISJRKASES  t.  GREATLY 

(C)  Water  treatment  of  NP  gives  a  significant  Increase  In  Treatment  of  NP 

with  1.23  wt.%  R2O  (10  mole  %)  gave  values  of  t^  greater  than  1000  hours  at  60*C.  In 
contrast,  untrested  NP  (0.28  wt.%  KLO)  undergoes  sccelerated  decomposition  shortly  sfter 
100  hours.  High  values  of  t.  were  conslstantly  found  for  numerous  saaiples  ss  Illustrated 
in  Table  I.  * 


1.  About  1  Mole  T,  B-O  Lower  Limit  for  IsDrovement 


(C)  Further  studies  (observed  In  Part  B)  showed  that  at  around  1  mole  X  HoO, 
this  treatment  Is  offset  by  other  factors  and  t^  remains  relatively  low.  No  datermu:^ 
tlon  of  an  upper  limit  for  the  effect  on  t^  was  made,  since  It  Is  desirable  to  minimize 
the  amount  of  water  added. 


TABLE  I 

60*C  Stability  of  10  Mole  X  HqO  -  Treated  NP 


avBcuacLon  xi 


Gas  Evolved,  Std.  cc/g. 
100  hours  400  hours 


t..  Hours' 


(2) 

Untrested'  ' 

28  to  30*C 

0.72,  0.82 

100 

Batch  1^^^ 

-196*C 

0.62 

1.43 

>690 

28  to  30*C 

0.50 

1.43 

>690 

Batch  2 

-19fC 

0.46 

0.98 

>1100 

28  to  30*C 

0.40 

0.74 

>1100 
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TABLE 

I  (Continued) 

Sample 

Evacuation  Temp. 

Gas  Evolved, 

Std.  cc/g. 

..  (1) 
tn.  Hours 

100  Hours 

400  Hours 

Batch  3 

-196 

0.64 

1.18 

>550 

28  to  30'C 

0.50 

1.02 

>550 

Batch  4 

28  to  30'G 

0.58,  0.42 

(1) 

The  ^symbols  Indicate  no 

acceleration  when  run  terminated. 

(2) 

Samples  from  bottle  276-138  were  used  In 
Initial  "water"  content  was  0.28  wt.7.. 

H2O  treatment 

study. 

(3) 

Temperature  of  Initial  mixing  was  28'’C; 
at  -80®C. 

other  batches  mixed 

2.  Water  Treatment  More  Complex 
Than  Simple  Addition  of  Water 

(C) 

The  water  treatment  of  NP 

as  described  here  Is  not  Just 

the  addition 

to  NP,  but  the  entire  procedure  to  prepare  the  treated  sample.  The  standard  treatment 
(given  In  detail  In  Appendix  III)  consists  of  the  following  steps:  (1)  the  vapor  addition 
of  water,  (2)  mixing,  (3)  overnight  storage,  and  (4)  removal  of  volatiles.  The  Importance 
of  Including  all  these  steps  Is  Illustrated  by  the  proton  analysis  results  on  treated  NP. 
Proton  analysis  on  10  mole  %  water- treated  NP  prior  to  pumping  gave  results  corresponding 
to  1.56  wt.  7.  H2O  vs.  the  expected  1.51  wt.  %  which  was  based  on  the  amount  of  water  added 
and  the  previous  analysis  of  the  NP  used.  However,  an  analysis  was  made  on  another  batch 
of  NP  treated  with  10  mole  %  H2O  ^Ich  had  bee*'  pumped  In  a  manner  similar  to  that  used  In 
VTS  preparation.  This  sample  contained  only  0.95  wt.  %  H2O.  Thus  the  removal  of  volatiles 
Is  Sn  Important  part  of  water  treatment. 


B.  WATER  TREATMENT  AFFECTS  GAS  EVOLUTION 

(C)  Our  earlier  work  suggested  that  the  gas  evolved  from  NP  at  SO’C  was  related 
to  Its  water  content.  Yet,  the  gas  evolution  can  be  decreased  by  the  treatment  of  NP 
wlkii  IG  mule  X  wete^s  71il»  |iuiuL  Is  sauslsullsceu  uy  llie  ueLs  surnuuiA. Iseu  lu  Taule  I# 

The  data  also  show  that  evacuation  of  the  test  sample  at  -196*C  (to  minimize  loss  of 
volatiles)  gives  a  small  but  conslstantly  higher  gas  evolution.  These  results  probably 
reflect  (1)  an  actual  difference  In  test  samples,  and  (2)  a  major  loss  of  volatiles  during 
the  loading  of  samples  Into  the  test  units  In  the  dry-box. 


1.  5  to  15  Mole  X  H2O  Treatment 

Gives  Minimum  Gas  Evolution 


(C)  Since  a  marked  increase  In  ta  was  observed  over  a  wide  range  of  water 
treatment  levels,  emphasis  was  next  placed  on  the  relationship  of  gas  evolution  to  the 
water  treatment  level.  Water  treatment  wee  carried  out  at  water  levels  of  0.5,  1,  5, 
10,  and  20  mole  X.  The  60*C  stability  tests  showed  that  at  the  5  to  15  mole  X  treat¬ 
ment  levels,  gas  evolution  is  a  minimum.  This  Is  Illustrated  In  Figure  4. 


5  10  15  20 

MOLE  %  H^O  TREATMENT 


Although  lower  values  of  gas  evolution  after  100  hours  at  60"c  can  be  achieved  by  vacuum 
drying  of  NF,  the  desired  combination  of  high  values  of  tg  and  low  values  of  gas  evolution 
made  water  treatment  more  attractive  for  the  stabilisation  of  NP.  The  above  data  Indicated 
that  a  minimum  quantity  of  stabilizer  was  necessary.  Previous  experience  Indicated  that 
treatment  conditions  were  Important.  Therefore,  we  Initiated  a  study  to  optimize  the 
treatment • 

2.  Treatment  Procedures  Important 

(C)  Our  earlier  stud. ..-a  on  the  relationship  of  water  to  NP  stability  showed 
that  dynamic  factors  could  be  of  major  Importance.  Therefcre,  we  suspected  that  treat¬ 
ment  procedures  would  Influence  the  treatment.  Our  suspicions  were  confirmed  by  sub¬ 
sequent  Investigations. 


Mixing 


lortant 


(C)  Early  In  the  water  treatment  study  a  48  mole  7.  water  treatment  was  made. 

At  the  end  of  this  treatment,  the  volatile  gases  were  condensed  Into  another  bulb.  On 
warming  to  room  temperature,  the  bulb  contained  both  a  liquid  an i  red-brown  fumes.  This 
suggested  that  nitric  acid  was  formed.  Nitric  acid  Is  deleterious  to  the  stability  of 
NP  and  Its  formation  In  sufficient  quantity  may  cause  the  higher  gas  evolution  noticed 
at  the  higher  treatment  levels.  Similar  reuults  would  be  expected  to  arise  from  localised 
high  water  concentration  during  treatment.  To  avoid  this  problem  In  our  water  treatment, 
water  was  added  slowly  In  the  vapor  state  with  constant  agitation. 
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b.  By-Product  Removed  During  Treatment 

(C)  During  the  water  treatment  study  a  series  of  pressure  measurements  were 
made  prior  to  sampling  the  treated  material.  These  measurements  show  that  the  pressure 
above  the  treated  NP  was  approximately  7  mm.  The  pressure  was  Independent  of  treatment 
level  (1  to  10  mole  %)  and  contact  time  (3  to  40  days).  This  suggests  that  the  vapor 
is  in  equilibrium  with  the  solid.  After  a  10-mlnute  evacuation  and  8  days  of  standing, 
the  pressure  over  a  treated  sample  was  only  a  few  tenths  of  i  millimeter  of  Hg.  A 
repeat  of  this  treatment  gave  no  further  reduction  in  presnure.  Thus,  during  the  treat¬ 
ment  a  highly  volatile  by-product  la  removed  and  a  low  volatile  stabilizer  remains  on 
the  treated  material. 

(C)  Mass  Spectral  analysis  of  the  by-product  vapor  indicated  a  mixture  f 
water  and  nitrogen  oxides.  However,  we  Interpret  this  as  nitric  acid  which  is  reuoved 
during  subsequent  h»;ndling  in  the  dry-box  and  evacuation  prior  to  stability  testing. 

The  absence  of  Oj  and  COj  in  this  vapor  suggests  that  no  decomposition  occurred  during 
water  treatment. 


c.  Prolonged  Pumping  Detrimental 

(C)  Short  intermittent  pumping  of  10  mole  X  H20-treated  NP  did  not  produce  any 
significant  change  in  60*C  stability.  Thus,  a  sample  subjected  to  three  10-minute  pump¬ 
ing  periods  ■'urlng  eighteen  days  of  storage  at  room  temperature  gave  the  following 
stability  data. 

60*  Stability 

Sample _  Std.  cc/g»/100  Hours  Std.  cc/g./400  Hours  t. 

Standard  10  mole  X  H20-treated  0.40  to  0.58  0.74  to  1.43  >li00 

Same,  after  Intermittent  pumping  0.40,  0.44  0.92,  1.01  >950 

(C)  In  contrast  to  this  behavior,  samples  of  10  mole  X  water-treated  NP  subjected 
to  six  hours  of  extended  pumping  have  shown  very  poor  stability. 

60*  Stability 


Sample* 

Std.  cc/g./lOO  Hours 

-Ia_ 

No. 

1  after  6  hours  pumplnc 

10  A 

60 

No. 

2  after  6  hours  pumping 

1.18 

80 

No. 

3  after  3-1/2  hours  pumping 

0.A6 

110 

*  All  samples  from  various  batches  of  10  mole  X  water-treatment. 


(C)  Based  on  proton  analysis,  a  pumped  sample  st'*'*!  contained  a  large  amount 
water  (1.4  wt.%  vs.  1.5  vt.X  for  ttie  unpumped  samples).  This  loss  of  protection  against 
the  onset  of  accelerated  decomposition  (t^)  with  only  a  small  loss  In  water  content 
emphasizes  the  complexity  of  the  stabilization.  Thus,  to  be  effective,  the  stabilizer 
must  be  maintained  on  the  active  surface  sites. 
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d.  Pumping  Effect  Temperature  Dependent 

(C)  From  the  results  of  various  experiments  on  the  effect  of  treatment  variables 
we  concluded  that  the  stabilization  effect  of  water  treatment  arises  from  a  low  volatility 
stabilizer  that  can  be  removed  by  extended  pumping.  To  test  this  conclusion,  pumping 
experiments  were  made  at  lower  temperatures.  The  results  showed  that  below  O’C  pumping 
for  sli'.-iisur  periods  Is  not  detrimental  to  tg.  Thus,  reduced  temperature  pumping  should 
give  better  separation  of  the  more  volatile  by-product (s)  without  loss  of  the  stabilizer. 


60‘‘C  Stability 


Pumping  Temp.* 

Std.  cc/g./lOO  hours 

Std.  cc/g./400  hours 

ta,  hours 

(10  minutes  at  27  to  30®C) 

0.42,  0.62 

1.28,  1.66 

>1100 

27  to  30®C 

1.18 

____ 

80 

0®C 

0.64 

1.86 

>1100 

-8  to  -12®C 

0.68 

1.52 

>1050 

*  Pumping  period  was  six  hours. 


e.  Contact  Time  and  Aging  Have  Limited  Effect 

(C)  The  standard  water  tveatment  procedure  Involves  overnl^t  storage.  This 
storage  Is  started  at  -80*0  and  usually  ends  at  room  temperature.  Omission  of  this  step 
and  minimization  of  the  time  between  H2O  treatment  and  lasting  produced  excessive  gassing 
during  evacuation  prior  to  VTS  testing  at  60*C.  In  some  cas^s  the  -80*C  overnight  storage 
was  omitted  and  the  treated  saaqile  was  stored  at  room  temperature  for  three  days.  This 
process  was  equivalent  the  -80*C  treatment.  In  view  of  thise  observations,  we  Inves¬ 
tigated  longer  contact  tlsies.  Specifically,  we  hoped  that  prolonged  contact  might  Im¬ 
prove  the  lower  level  treatments.  However,  the  data  failed  to  support  this  view. 

Effect  of  Contact  Time  in  Water  Treatment 


Water-Treatment 

Level 

Contact  Time. 

Days 

00*C  Stability 

Std.  cc/g./l60  hours 

tg.  hours 

10  mole  X 

3 

0.40  to  0.58 

1.12,  1.58 

>1100 

iO  mole  X 

39 

0.71,  0.34 

1.28,  0.86 

>600* 

10  mole  % 

33 

0.42,  0.62 

1.28,  1.66 

>1100 

5.0  mole  X 

38 

0  40,  0.52 

1.08,  0.92 

>400* 

3.2  mole  % 

40 

0.72,  0.64 

1,30,  1.32 

700,  >400* 

1  mole  X 

34 

0.54,  0.60 

2.10,  1.98 

400 

1  mole  X 

33 

0.48,  0.54 

3.90,  3.68 

100** 

1  mole  X 

25 

0.96,  1.02 

2.90,  3.54 

60,  iOO 

1  mole  X 

33 

1.86,  1.32 

4.26,  3.86 

*  Plugging  of  manomater  prevented  der '.rmlnatlon  of  tg. 

*  Not  s  true  acceleration;  rate  suddenly  increased  by  s  fa. tor  of 
2.5,  than  remained  constant. 
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Effect  of  Contact  Tine  In  Water  Treatment  (continued) 


Water-Treatment 

Level 

Contact  Time, 
Days 

60‘’C  Stability 

Std.  cc/g./lOO  hours 

Std.  cc/g./400  hours 

t„,  hours 

1  mole  7. 

5 

1.25,  1.44 

60 

1  mole  7. 

3 

0.92,  1.00 

2.0,  2.2 

7*** 

0.5  mole  L 

30 

0.88,  1.02 

3.20,  2.16 

100,  150 

0. 5  mole  7. 

35 

1.18,  1.26 

3.22,  - 

100,  100 

***  Acceleration  not  discernible. 


(C)  The  early  results  In  the  above  study  Indicated  that  Increased  contact  time 
was  beneficial  both  to  gas  evolution  and  t^;  but,  later  results  failed  to  confirm  this. 
We  therefore  concluded  that  approximately  1  mole  1,  water  treatment  represents  a  critical 
level  at  which  stabilization  can  be  obtained.  However,  this  stabilization  can  readily 
be  "reversed"  by  minor  changes  In  experimental  technique.  Hence,  wide  variations  are 
.'ixperlenced  and  treatment  at  this  low  level  le  not  reliable. 


f .  Effect  of  Sample  Size  Uncertain 

(C)  The  evaluation  of  treatment  conditions  was  carried  out  with  2.5  gram  samples 
of  NF.  In  other  studies,  as  the  need  for  treated  HP  became  greater,  larger  treatments 
were  carried  out.  The  size  was  first  Increased  to  10  grams  and  finally  to  30  grams  with 
several  different  bottles  of  NF.  Over  this  sire  range,  10  raole  %  water  treatment  was 
carried  out  successfully.  Large-scale  treatment  may  present  problems  not  encountered 
In  the  laboratory  work.  Localized  high  concentrations  of  water  would  be  expected  to  In¬ 
duce  decomposition.  Thus,  large-scale  treatment  could  Involve  mixing  problems. 


g.  Water  Treatment  May  Vary  with  NF  Samples 

(C)  Several  different  samples  of  NF  were  used  In  the  water  treatment  study- 
The  samples  were  all  Callery  prepared  fluff  but  some  were  from  different  lots  with  dif¬ 
ferent  histories.  The  effect  of  water  treatment  of  these  samples  showed  some  variation. 
Treatment  of  an  older  sample  previously  used  in  ARFA  propellant  work  did  not  show  any 
Improvement.  The  lack  of  ImproVbment  arises  from  the  good  stability  exhibited  by  the 
untreated  sample. 

60 *C  Stability 

Sample  Std.  cc/g./lOO  hours  Std.  cc/g./^OO  hours  t.,  hours 

Old  Sample  0.48,  0.50  0.96,  1.08 

Old  Sample  after  10  mole  X  0.54,  0.62 

water- treatment 


CONHOENTIAL 


1.10,  1.26 


>  800^1000 
>800  ,>500 
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The  explanation  of  this  probably  lies  In  the  history  uf  the  sample.  It  was  originally 
opened  In  a  dry-box  which  was  less  efficient  than  those  used  In  the  present  stability  work. 
The  sample  had  been  resealed  and  stored  under  atmospheric  conditions.  It  Is  very  likely 
that  previous  handling  resulted  In  an  unintentional  water  treatment.  Thus,  further  water 
treatment  was  without  benefit. 

(C)  During  our  studies  the  NP  In  bottle  276-138  was  exhausted.  Another  bottle, 
designated  323-125,  from  the  same  lot  was  opened.  Since  the  previous  bottle  had  been  stored 
In  the  dry-box  prior  to  water  treatment,  we  anticipated  that  this  freshly  opened  material 
would  Contain  more  water.  Therefore,  the  sample  was  pumped  prior  to  water  treatment.  The 
data  below  show  that  the  two  different  samples  gave  similar  results. 


60*  Stability 


Sample 


276- 138-Untreated 

276-138-10  mole  T.  HjO- Treated 

323- 125- Untreated 

323- 125- Pumped  16  hrs. 

323-125-Puti^ed  16  hrs.  then 
10  mole  7,  H20-Treated 


Std.  cc./g./lOO  hrs. 
C.72,  0.82 
0.40  to  0.58 
0.26,  0.26,  0.30,  0.60 
0.36,  0.44 

0.38,  0.32,  0.58 


s.  hrs.* 


100 

>1000 

100,  100,  110,  90 

110,  100 

>1040,  >1040,  >500 


*  Values  with  >  signs  Indicate  test  was  terminated  without  any  Indication  of  acceleration. 


(C)  Based  on  these  results,  we.  have  concluded  that  water  treatment  of  HP  Is 
reproducible  providing  similar  samples  are  used.  NP  samples  with  widely  different  histories 
should  be  tested  to  determine  If  water  treatment  la  necessary. 


C.  STABILITY  TK8T~  INVESTIGATED 

1.  Replicate  Teats  Show  Accuracy 

(C)  To  provide  a  basis  for  comparing  gaa  evolution  values  of  different  samples, 
we  ran  replicate  tests  (6  each)  on  two  different  samples  of  water-treated  fluff.  In  each 
case,  the  average  value  and  the  standard  devlatlon(s)  was  calculated.  The  following  table 
shows  the  ranee.  a*»«rao»  -nd  951  esnfidsne.  level  these  samples. 


Gaa  Evolution  at  60*r 

10  mole 

X  H2O  Treated  NP 

0.22  to  0.46 

0.32  t  0.18 

10  mole 
after 

X  H2O  Treated  IIP 
prolonged  -80*0  Storage 

0.8S  to  1.08 

0.97  t  0.14 
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These  samples  represent  two  extremes  in  the  various  samples  at  10  mole  I  water- 
treated  NF  tested  In  this  study.  The  values  of  the  95%  confidence  levels  show  that  the 
accuracy  Is  fair.  The  variation  between  the  samples  further  Illustrates  the  variation  of 
water  ..reatment  with  treatment  conditions. 


2.  Mercury-Free  Results  Similar  to  Standard  Test 

(C)  The  possibility  that  mercury  from  the  manometer  might  Influence  the  VTS 
results  led  us  to  stability  teats  In  mercury-fre  ■  units.  These  units  (Appendix  I)  utilized 
a  glass  membrane  as  a  null  device.  Because  of  i  nature  of  the  measurements  and  the 
limited  availability  of  the  all  glass  unlts^  only  a  few  tests  were  made.  The  results  of 
these  tests  show  only  minor  variation  and  do  not  alter  the  conclusions  based  on  the  tests 
In  the  manometer  units. 


_ 60*C  Stability  In  all  Glass  Units 

Unit  Volume  Initial  Std.  cc./g./  Std.  cc./g. 


Run  No. 

Sample* 

Volumes,  cc. 

Wt. 

Pressure 

100  hrs . 

400  hrs. 

a,  hrs.** 

1 

0.5  g.  pellets 

19.9 

39.8 

5.6  mm 

0.97 

2.52 

>1200 

2 

1.0  g.  fluff 

14.8 

14.8 

5.8 

0.50 

1.64 

>1100 

3 

1.16  g.  fluff 

20.8 

17.9 

“•.O 

0.72 

1.84 

>800 

4 

1.16  g.  fluff*** 

20.8 

17.9 

8.8 

0.50 

2.59 

>500 

*  All  samplea  are  IG  mole  I  water- treated. 

**  Runt  terminated  after  runs  became  erratic  (see  text) . 
***  Run  made  In  presence  of  803  mm  of  air. 


(C)  The  general  results  In  ths  glass  units  parsllel  these  obtained  In  the  Hg- 
manometar  units.  In  the  latter,  some  resctlon  occurs  between  the  gaseous  products  snd  the 
mercury  In  the  manometers.  However,  the  nat  result  of  this  Interaction  Is  a  small  reduction 
In  the  measured  gas  evolution.  In  runs  1  throu^  3  ths  gas  evolution  Incraases  with  Incraaslng 
unit  volume/samplc  weight  ratio.  This  relationship  Is  not  linear  and  It  gives  greater 
variation  at  lower  ratio  values.  Some  deviation  In  the  results  may  arise  from  the  use  of 
different  batches  of  10  mole  X  water- treated  HP  In  the  first  three  rune.  Run  4  utilized 
NP  from  ths  same  batch  as  run  3  and  w..s  also  run  In  th*  502  =  of  dry  «li.  Tne 

effect  ot  air  Is  not  clear  at  this  time.  The  rate  of  gas  evolution  Increased  after  100  hrs.; 
but,  the  decomposition  was  not  autocatalytlc  whan  ths  run  was  tarmlnated.  All  runs  were 
terminated  after  the  bulld-up  of  sublimate  (presumably  the  stabilizer)  on  ths  glass  dlaphram 
which  caused  erratic  operation. 

(C)  Ths  Initial  pressures  should  correspond  to  ths  vapor  preesura  of  ths  volatile 
stabilizer.  The  variation  In  these  pressuras  between  runs  1  and  2  and  runs  3  and  4  are 
greater  than  experimental  error,  .his  suggests  that  ths  volatility  of  the  stabilizer  may 
vary  among  different  batches  of  water-treated  HP. 

(C)  A  run  was  also  attempted  at  40*C.  After  165  hrs.,  the  gas  evolution  was 
approximately  0.05  std.  cc./g.  This  low  gas  evolution  suggests  that  at  lower  temperatures 
water- treated  HP  exhibits  very  good  stability.  Thus,  long  tern  storage  should  be  feasible. 

In  addition,  the  Initial  pressure  was  below  1  am  which  gives  an  uppar  limit  fer  the  volatility 
of  the  stablllzar  at  this  teoperature. 
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D.  NATURE  THE  STABUMER 

(C)  Early  work  on  water  treatment  auggeated  that  NP  atablllzatlon  by  water  depends 
on  the  formation  of  a  particular  hydrolyala  product  rather  than  a  particular  water  content. 
We  first  noticed  this  when  H20-treated  NP  aamples  were  mixed  with  untreated  NP  in  the  ratio 
of  1/4.  From  0.5|  1.0,  5,  10  and  20  mole  X  H20-treated  NP,  mixtures  were  made  that  contained 
0.1,  0.2.  1.0,  2.0  and  4.0  added  water.  The  stability  reaulta  from  these  mixtures  are 
ahowii  in  Table  II.  The  hydrogen  analysis  of  the  untreated  NP  corresponds  to  2.2  mole  X  H2O. 
Therefore,  no  'significant  change  was  expected  for  the  two  lower  mlxturea.  Surprlalngly,  the 
atablllty  of  th'j  mixture  with  2  mole  X  added  water  was  slmllsr  to  that  of  the  10  mole  X 
water-treated  sample  from  which  it  was  made.  This  indicates  that  a  mobile  stabilizer  la 
formed . 


TABLE  II 

60*C  Stability  of  NP  Mlxturea 
Mixture;  1/4  H^O-treatad  PP/Untreated  NP 


H.0  Treated  Samnla 

Std. 
100  hra. 

400  hra. 

^a.  hra. 

Evacuation 
Temp..  ’C 

Untreated  (2.2  Mole  X  B2O)* 

0.72,  0.82 

— — 

100 

28  to  30 

0.5  Mole  X  H20-lreated 

— - 

•  ••• 

70 

28  to  30 

1  Mole  X  H20-Traeted 

1.12 

at  Mas* 

100 

28  to  30 

5  M'le  X  H20-Treated 

0.76 

.... 

160 

28  to  30 

10  Mole  X  H20-Treated 

/ 

Batch  1 

0.52 

1.76 

550** 

-196 

0.48 

1.26 

550* 

28  to  30 

Batch  2 

0.58 

1.86 

>690 

-196 

0.38 

1.12 

950 

28  to  30 

Batch  3 

0.68 

1.72 

>550 

-196 

0.58 

1.38 

>550 

28  to  30 

20  Kjle  X  H20-Traatcd 

0.74 

■»  asm  a> 

>360 

-196 

*  Baecd  on  hydrogen  analysis. 
**  Acceleration  elow. 


1.  mcMwitt  UiitYrt 


(C)  The  probable  pretence  of  nitric  acid  above  water- treated  HP  euggeetrl  that 
the  product#  of  the  water- treatment  proceee  ere  nitric  acid  end  hydronitrecidium  perchlorate, 
H3M03(C10^2'  Thue,  the  overall  reaction  of  the  water  treatment  my  be  repreeented  by  the 
following: 


HjO  +  2  HOjClO^ - ►  HjIlOjCClO^)^  +  ffllOj 
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Additional  evidence  was  found  for  this  reaction.  A  aaaple  of  10  mcle  %  water-treated  NP  was 
pumped  for  6  houra.  During  this  time  a  amall  amount  of  white  aolld  waa  collected  In  a  trap 


at  -196“C. 


The  analyala  of  thla  aolld  agreea  with  that  expected  for  H^NO^CCIO^) 2* 


Analvala 
X  N 
X  Cl 


■Found 

5.36 

25.0 


Calculated  for 


H3N0jiCl0^2 

5.31 

26.9 


The  removal  of  thla  aolld  from  the  treated  NP  aample  reaulted  In  loaa  of  atablllty  giving 
tg  va'uea  below  100  hra.  Thla  Indlcatea  that  hydronltracldlum  perchlorate  la  reaponalble 
for  the  atablllzatlon  Imparted  by  water  treatment. 


(C)  In  another  experloient,  10  mole  X  water- treated  NP  waa  pumped  on  for  a  much 
longer  period  at  room  temperature.  We  found  that  the  aubllmitlon  waa  a  very  alow  proceaa. 
The  accumulated  aubllmate  waa  collected  at  -196*C.  With  it  waa  a  amall  amount  of  liquid 
which  was  removed  by  abort  pumping  at  room  temperature.  The  analyala  of  the  recovered 
aubllotate  waa  In  good  agreament  with  expected  valuea  for  hydronltracldlum  perchlorate. 


Analyala 
Wt.  X  N 
Wt.  X  Cl 


Pound 

4.95 

26.58 


Calculated  for 


5.31 

26.87 


To  demonstrate  tha  efiectlveneas  of  this  aolld,  a  mixture  with  untreated  NP  waa  prepared. 
The  mixture  of  4.56  mola  %  H^N0^(C10^)2  In  untreated  NP  ga\3  the  following  results. 


60*C  Stability 


Sample 


Untreated  NF  (323-125) 

4.56  mola  X  H3N03(C10^)2  In 
untreated  NP  (323-125) 


Std.  cc./g./lOO  hra. 
0.26  to  0.60 

0.50 


90  to  110 


>600 


(C)  We  also  attempted  to  maaaura  the  stability  of  a  neat  sample  of  hydronltracldlum 
perchlorate.  The  Initial  gas  e'«olution  t«ss  hi^  but  constant  at  1.04  std.  cc./g.  from  20 
to  90  hours.  At  hour  90,  the  quantity  of  gaa  evolved  increased,  but  tharaaftar  the  rate 
decreased.  At  300  hrs.  tha  total  gas  evolution  was  2.26  std.  cc./g.  We  do  not  know  if 
these  data  reflect  tha  presenca  of  small  amounts  of  impurities  or  tha  true  nature  of 
hydronltrac'dlum  perchlorate. 


2.  Charsctarlstics  of  Stabiliser  Important 

(C)  T(  undsratand  ths  various  rewults  concerning  tha  water- stabilisation  of  NP, 
a  knowledge  of  the  charsctarlstics  of  tha  stabiliser  is  rsquirsd.  Ths  known  characteristic 
of  hydronitrscidiom  parch! nrats  provids  a  basis  for  many  of  ths  observed,  apparently 
contradictory,  rasulcs  on  NP  stability. 
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a.  Stabilizer  Slightly  Volatile 

(C)  The  volatility  of  the  stabilizer  has  been  demonstrated  by  various  observations 
Including  Its  sublimation.  The  data  on  water-treated  NP  Indicates  a  vapor  pressure  around 
6  to  9  mm  at  60”C,  less  than  1  mm  at  40*C  and  very  low  below  0°C.  Volatility  messurements 
also  Indicate  that  at  -30‘C  the  vapor  pressure  Is  quite  low,  probably  below  1  micron.  This 
slight  volatility  explains  why  the  water  treatment  of  NP  can  be  "reversed".  Pumping  removes 
part  of  the  stabilizer  and  thus  leads  to  lower  stability.  Similarly,  the  variation  of 
stability  with  the  ratio  of  sample  t.>clght/te8t  volume  Is  explained.  Other  Implications  of 
this  volatility  are  discussed  below. 


b.  Vapor  Equilibrium  Slow 

(C)  Although  the  stabilizer  Is  volatile,  the  Isolation  experiments  showed  that 
sublimation  Is  a  slow  process.  To  some  extent  the  results  appeared  contradictory  since  a 
small  amount  Is  readily  transferred  In  the  vapor;  but,  larger  amounts  move  very  slowly. 
However,  studies  on  hydronltracldlum  perchlorate  (10)  have  shown  that  tht  vapor  transfer 
occurs  as  s  mixture  of  nitric  and  perchloric  acids.  Thus,  the  sublimation  Involves  a 
dissociation  as  well  as  vaporization.  Since  the  vapor  pressure  Is  well  below  that  of  the 
Individual  anhydrous  acids,  the  dlssoclaclon  Is  the  controlling  factor.  Prom  the  slowness 
of  continuous  sublimation.  It  appeart;  that  the  dissociation,  particularly  In  the  presence 
of  excess  NP,  Is  a  slow  step  and  It  Is  rate  determining  for  sublimation.  This  phenomenon. 
In  part,  gives  rise  to  the  wide  variation  In  results  among  slmlla'.  stability  tests. 


c.  Composition  Variable 

(C)  Ingold  (H)  postulated  that  hydronltracldlum  perchlorate  was  cou-posed  of  an 
equimolar  mixture  of  NP  and  hydronlum  perchlorate  of  H^OCIO^.  However,  more  retent  work  . 
at  Gallery  Chemical  Co.  has  shown  that  the  physical  properties  are  not  those  of  juch  a 
mixture.  Instead,  they  reported  that  nltracldlum  perchlorate  Is  best  described  as  a  "mixed 
crystal  system"  of  nltronlum  perchlorate  and  hydronlum  perchlorate.  This  designation  Infers 
that  over  certain  limits,  as  yet  undetermined,  a  Intimate  mixture  of  these  two  materials 
forms  a  new  phase  with  different  properties.  Thus,  "hydronltracldlum  perchlorate"  Is  not 
a  compound  with  an  exact  composition,  but  It  Is  a  solid  phase  which  exists  over  a  range  of 
composition  and  exhibits  unique  properties. 


3.  Mechanism  of  Stabilization  Implied 

(C)  Aased  on  kinetic  studies  (1).  the  dernnmoslticn  of  KP  szim  fnoai  accive  sites 
on  the  surtsce  of  NP  particles.  From  the  observations  on  water-stabilized  NP  and  the 
properties  of  the  stabilizer,  we  suggest  the  following  mechanism  for  the  stablllzatlcn  of 
NP  by  water  treatment.  The  reaction  of  water  with  NP  leads  to  the  formation  of  hydronlum 
perchlorate.  The  Incorporation  of  this  material  In  the  crystal  structure  of  NP  leads  to  the 
formation  of  a  now  phase  on  the  surface  jf  the  NP  r'-ystul.  Either  the  formation  process  or 
the  presence  of  this  new  phase  causes  deactivation  of  the  reaction  sites.  This  may  be 
effected  by  removal  of  crystal  faults,  relaxation  of  crystal  strain  or  by  the  modification 
of  the  surface  environment.  According  to  this  mechanism,  the  prims  consideration  for  the 
selection  of  other  stabilizing  agents  is  not  potential  scavenging  effects  but  Instead  the 
crystal  structure  of  the  additive. 
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(C)  This  mechanism  implies  that  a  stabilizer  must  be  in  intimate  contact  with  the 
surface  of  the  NP  and  that  a  sifficient  quantity  must  be  present  to  deactivate  most  of  the 
active  sites.  These  considerations  led  to  the  following  requirements  necessary  for  sn 
additive  to  be  effective  as  a  stabilizer  for  NP:  (1)  the  crystal  structure  must  be  very 
similar  to  the  structure  of  hydronium  perchlorate,  (2)  the  additive  must  be  well  distributed 
over  the  surface  of  the  NP  (this  implies  en  in  situ  formation,  a  vol.itile  additive  or  the 
use  of  a  compatible  solvent),  and  (3)  preferably,  the  additive  should  have  a  low  volatility. 


4.  Problems  in  Utilization 


(U)  Because  of  the  nature  of  the  stabilizer,  there  are  some  problems  in  its 
utilization.  The  two  main  problems  arise  from  its  volatility.  These  problems  concern  the 
Isbility  of  the  stabilizer  and  the  coatability  of  the  treated  NP. 


a .  NP  Requires  Coating 

(U)  The  volatility  of  the  stabilizer  also  imparts  mobility  to  it.  Although  this 
mobility  elds  in  the  distribution  of  the  stabiliser  to  the  ective  sites  which  it  must 
deectivate,  it  elso  facilitates  the  rcmovel  of  the  stabilizer.  This  removal  necessitates 
the  uss  of  excess  stabilizer  to  control  minor  lossas.  More  important,  it  means  that  the  NP 
must  be  coetad  to  prevent  signiflcent  losses  of  the  stabilizer  and  maintain  continuous 
stabilization.  Unless  some  other  stebilizer  is  found  thet  imparts  water  resistance  to  NP, 
it  is  unlikely  that  unprotected  NP  can  exhibit  eny  long-renge  stability. 


b.  Voletilitv  Complicetes  Coating  Operation 

(C)  The  most  attractive  coating  for  NF,  et  the  prasant  time,  is  the  "Rate"  coating 
developed  by  Union  Carbide  (12) .  This  coating  appears  go^  in  both  protection  ano  compati¬ 
bility.  However,  it  is  formed  in  situ  in  e  vecuum  process.  The  vapor  pressure  of  10  mole  % 
weter-treeted  HP  is  sufficient  to  interfere  with  the  operation.  Therefore,  unless  some 
means  of  controlling  the  volatility  is  found,  this  coating  cennot  be  applied  to  water- 
treated  NP. 
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MCMPIFICATION  OP  WATER-TmiED  HP 


(C)  Since  Che  volatility  of  water-treated  NF  Interferred  with  Che  application  of 
A  "Reca"  coating,  we  Investigated  methods  for  modifying  Che  treated  NF.  These  methods  in¬ 
volve  two  approaches,  precoatlng  of  the  treated  NF  and  chemical  modification. 


A.  FRECOATING  FARTIALLY  SUCCESSFUL 


(C)  Initial  attempts  to  Improve  the  coatablllCy  of  water-treated  NF  involved 
devolatilization.  Earlier  work  showed  that  a  volatile  by-product,  presumably  nitric  acid, 
Is  formed  during  water  treatment.  It  appeared  that  removal  of  this  volatile  material  was 
lncoiq)lete.  Data  from  a  10  gi'am  batch  of  10  mole  X  water-treated  NF  Illustrate  "his  slow 
removal  of  volatiles.  Unfortunately,  extended  pumping  results  In  loss  of  stability  due  Co 
Che  volatility  of  the  stabilizer.  Therefore,  an  Investigation  of  precoatlng  NF  for  vola- 


duty  reduction  was  undertaken. 

Pumolna  Tlsm 

Equilibration  Time 

Pressure 

0 

5  days 

10  on 

5  min. 

1.5  hours 

3  mm 

10  min. 

2  hours 

2  ass 

1.  Procedures  Hodlfled 

(U)  The  Investigation  of  volatility  reduction  required 

new  procedures  and  staCerlals 

These  Involved  low  pressure  measurements,  Che  use  of  pellets  of  NF  and  various  Kel-F  waxes. 


a.  Volatllltv  Measurements 

(U)  Heasurements  were  stade  to  determine  Che  volatility  reduction  of  various  treat¬ 
ments.  These  measurements  were  made  with  a  Hastings  thermocouple  gauge  (Hodel  VT-5B).  This 
gauge  was  calibrated  for  air.  Because  of  the  nature  of  Che  volatile  materials  Involved,  we 
Bude  no  attempt  Co  calibrate  Che  gauge  for  these  gases.  Thus,  absolute  pressures  were  not 
obtained.  The  relative  measurements,  however,  were  sufficient  Co  measure  significant  de¬ 
creases  In  volatility.  In  conjunction  with  the  volatility  mea‘ uremenCs,  we  also  obtained 
stability  measurements  to  augment  our  findings. 


b.  Pellets  Use  In  Precoatlng  Study 

(C)  Pellets  arc  much  more  attractive  for  coating  than  the  fluff.  Therefore,  In 
our  precoatlng  study  we  water-treated  NF  fluff,  pelletised  the  product  and  Chen  coated  the 
pellets.  Pellets  with  a  1^3  Inch  diameter  were  made  In  a  Farr  hand  press.  The  stability  of 
Che  pellets  Is  about  the  same  as  that  obtained  with  Che  fluff. 
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60“C  Stability 

Sample* 

Std.  cc./g./lOO  hrs. 

Std.  cc./k./400  hrs. 

ta** 

Fluff 

0.40  to  0.58 

0.74  to  1.43 

>1100 

1/8  inch  pellets 

.46,  .42 

1.04,  1.10 

>570 

1/8  Inch  pellets 

.46,  .36 

.80,  .78 

>550 

1/8  inch  pellets 

.38,  .46 

1.06,  1.1 

>650 

*  All  10  mole  7.  water- treated. 

**  Test  terminated  without  evidence  of  accelerated  decomposition. 

c.  Kel-F  Waxes  Used  For  Precoat 

(U)  The  two  main  requirements  for  a  precoating  for  NP  are  (1)  the  material  must 
be  compatible  with  NP  and  (2)  the  application  must  not  utilize  elevated  temperatures  or 
Incompatible  solvents.  In  view  of  these  requirements,  our  choice  of  a  precoating  material 
was  a  halofluorocarbon  polymer.  In  Initial  tests  we  found  the  Kel-F  waxes  were  compatible 
with  NP  and  these  materials  were  used  In  siost  of  our  precoating  studies. 


2.  Results  of  Precoating  with  Kel-F 

a.  Solvents  Give  Rise  to  Volatility 

(U)  The  application  of  Kel-F  to  NP  pellets  was  carried  out  by  dissolving  the  wax 
In  a  Freon  solvent,  8%rlrllng  the  pellets  In  the  solution,  pouring  off  the  solution,  and 
drying  the  pellets.  In  an  Initial  attesipt,  pellets  were  .Immersed  in  Kel-F  40  and  then 
rinsed  with  Freon  113  to  remove  excess  wax.  Stability  testing  of  these  pellets  indicated 
that  incomplete  solvent  removal  was  a  problem.  This  was  also  Indicated  by  precoating  with 
Kel-F  200  wax. 


_ Sample _  Std.  cc./g./lOO  hrs.  at  60*0 

Uncoated  1/8  Inch  pellets  0.38,  0.46 

Kel-F  40  coated  pellets  0.70 

Kel-F  40  coated  pellets  after 

4-1/2  hours  of  pumping  0.46 

Pellet®  coated  with  Kel-F  2GC  dcpwilled  from  Freon  11  gave  relatively  poor  volatility. 

Freon  11  was  chosen  as  a  solvent  rather  than  Freon  113  because  of  its  lower  boiling  point. 
Thus  it  should  have  been  removed  more  easily.  However,  Freon  11  shows  greater  solubility 
for  the  wax,  so  we  made  volatility  measurements  on  the  wax  deposited  from  each  solvent  in 
the  absence  of  NP.  Hie  results  Indicated  that  the  Freon  113  is  more  readily  removed. 
Therefore,  Freon  113  was  used  In  subsequent  experiments. 

(U)  A  later  test  was  also  made  on  precoated,  untreated  NP.  In  this  experiment 
untreated  NP  was  pumped  on  to  remove  traces  of  hydronltracidium  perchlorate.  After  pre¬ 
coating  with  a  50/50  mixture  of  Kel-F  40  and  Kol-F  200,  the  volatility  at  -40*C  was 
extremely  high.  This  result  also  Indicates  that  part  of  the  volatility  is  due  to  Incomplete 
solvent  removal. 
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b.  Kel-F  Precoating  Decreases  Volatility 

(C)  In  order  to  minimize  the  contribution  from  the  solvent,  we  pumped  the  pre- 
coated  pellets  for  extended  periods  prior  to  the  volatility  measurements.  After  the 
pumping  period,  pressure  measurements  were  noted  at  various  Intervals  of  time.  The  data 
below  show  a  decrease  In  volatility  for  the  precoated  water-treated  pellets. 


Volatility  Measurements 

Time  of 

Arbitrary 

Sample 

ReadlnK  Min. 

Gauge  Reading 

Thlokol  pellets-pumped  23  hrs. 

33 

49 

63 

85 

10  mole  X  water-treated 

Pelletized,  pumped  26  hrs. 

32 

53 

61 

85 

Kel-F  200  coated/Freon  113 

41 

35 

Pelletized,  pumped  43  hrs. 

55 

54 

Pelletized,  Kel-F  40/200  coated/ 

32 

26 

Freon  113,  pumped  40  hrs. 

67 

46 

(C)  After  the  volatility  measurements,  the  same  pellets  were  subjected  to  stability 
tests.  The  combined  volatility  and  stability  data  show  that  precoating  with  Kel-F  reduces 
the  volatility  and  Increases  the  retention  of  the  stabilizer  under  pumping  conditions. 
Nevertheless,  some  of  the  stabilizer  was  lost  and  stability  v'as  decreased  as  Indicated  by 
the  value  of  tg.  Also,  precoating  before  pelletizing  apparently  gives  high  values  of  ta 
but  also  Increases  the  solvent  removal  problem. 

/ 


60*0  Stability 


Sample'* 

Std.  cc./g./lOO  hrs. 

Std.  cc./g./400  hrs. 

Kel-F  200  precoated 

1.20 

1.78 

750 

Kel-F  40/200  precoated 

0.74 

1.39 

450 

Pelletized,  unprecoated 

0.46 

2.15 

200 

*  Crc— ter  details  of  Soui^le  ^Lvea  in  cable  above. 

An  attempt  was  also  made  to  strengthen  the  50/50  mixture  of  Kel-F  40  and  Kel-F  -20u 
by  rolling  the  precoated  pellet  In  magnesium  oxide  which  had  been  passed  through  a  200  mesh 
screen.  The  volatility  of  the  sample  was  measured  at  -40‘C  and  found  to  be  extremely  high. 
After  warmltig  to  room  temperature,  pumping  and  recoollng,  the  volatility  was  reduced  at  -AO’C 
However,  at  room  temperature,  the  sample  had  considerable  volatility  and  this  approach  was 
abandoned . 


c .  Low  Temperature  Free oa ting  Unsuccessful 

(C)  We  realized  that  the  volatility  of  water-treated  NF  would  make  It  difficult 
to  achieve  an  unbroken  precoat.  Also,  volatility  measurements  on  the  10  mole  X  water-treated 
N?  pellets  showed  that  between  -30  and  -40*C  the  volatility  Is  very  low.  In  addition,  10 
mole  X  water-treated  NP  pumped  6  hrs.  at  low  temperatures  showed  no  loss  In  stability. 
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Therefore,  we  attempted  solvent  removal  by  pumping  at  -30''C  for  several  days.  Vol-tL  lity 
measurement  at  -40'’C  Indicated  that  the  solvent  had  been  removed.  However,  measorements 
at  -20°C  showed  volatility.  Thus  It  appears  that  the  thin  preccating  uf  Kol-F  'tO/200  is 
not  strong  enough  to  retain  the  volatile  stabilizer  completely.  Furthermore,  recent  work 
f 131  has  shown  that  during  the  "Reta"  coating  process  some  heating  occurs  on  the  S’rface 
of  the  pellets.  Thus,  precoating  with  Kel-F  waxes  Is  not  effective  enough  to  permlu  "Reta" 
coating  of  water-treated  NP. 


B.  DUAL  TREATMENT  GIVES  MIXED  RESULTS 

(C)  Since  difficulties  were  encountered  In  our  precoating  studies  on  water-treated 
NP,  we  looked  for  some  other  method  of  volatility  reduction  of  water- treated  NP.  Therefore, 
we  Investigated  chemical  treatment  as  a  means  of  modifying  the  stabilizer. 


1.  Approach  Baaed  on  Stabilizer 

(C)  Removal  of  the  stabilizer  results  In  loss  of  stability;  thus,  no  drastic 
change  In  the  structure  of  the  stabilizer  Is  desired.  Although  tne  crystal  structure  of 
NP  Is  monocllnlc  (lA) »  that  of  hydronlum  perchlorate  Is  orthorhombic  (151 .  The  structure 
of  the  mixed  crystal  system  Is  not  known;  but,  if  hydronlum  perchlorate  In  It  was  replaced 
by  another  orthorhomlc  crystal  of  the  same  size,  no  change  In  structure  would  be  expected. 

The  X-ray  patterns  of  ammonium  perchlorate  and  hydronlum  perchlorate  are  Identical  (151 ; 
therefore,  the  structures  are  Identical.  Hence,  we  anticipated  that  reaction  of  water- 
treated  NP  with  amnonlum  should  produce  a  mixed  crystal  system  of  NP  and  aninonlum  perchlorate 
on  the  surface  of  the  NP.  In  addition  to  the  reduction  In  volatility,  this  mixed  cyrstal 
system  might  have  other  benefits.  Annonlum  perchlorate  Is  not  hydrophilic;  therefore.  It 
might  protect  NP  from  moisture  to  some  extent.  However,  It  Is  unlikely  that  treatment  of 
NP  with  ammonium  perchlorate  would  be  ef,.w!Ctlve,  since  this  treatment  would  lack  the 
Intimate  contact  necessary  for  the  formation  of  a  mixed  crystal  system. 


2.  Ammonia  Treatment  Partially  Effective 

(C)  Our  Initial  attempt  on  the  dual  treatment  of  NP  Involved  a  10  mole  X  amnonia 
treatment  of  a  sample  of  10  X  water-treated  NP.  After  this  treatment,  the  stability 
results  looked  promising.  The  Initial  volatility  measurements  ■^«ere  apparently  affected  by 
the  residual  ammonia. 


/ 

60 *C  Stability 

Sample 

Std.  cc./k./IOO  hrs. 

NH^  treated,  H2O- treated  V? 

0.28 

1.01 

>1000 

Pellets  of  K-G- created  HP/ 

treated  with  NH^ 

0.52 

1.12 

>1000 

(C)  In  most  of  the  continuing  work  on  this  dual  treatment,  the  NP  fluff  was  puaiped 
6  houi.8  after  the  NH3  treatment.  The  purpose  of  this  was  two-fold:  (1)  residual  ammonia 
Is  removed  and  (2)  the  stability  results  after  this  pumping  served  as  a  check  on  the  vola¬ 
tility  reduction. 
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a.  Treatment  Conditions  Affe^'t  Traatment 

(C)  A  number  of  treatments  were  made  under  varying  conditions.  The  results 
summarized  In  Table  II  show  wide  variations  with  different  treating  conditions.  It  should 
be  noted  that  moat  of  the  stability  results  were  obtained  after  the  samples  had  been  pumped 
for  6  hours  at  room  temperature.  This  pumping  procedure  was  employed  to  demonstrate  the 
reduction  In  'olatlllty  of  the  stabilizer. 

TABLE  il 


Ammonia  Treatment  of  10  Mole  %  Water-Treated  OTfCl 


60*C  Stability 


Treatment 

Level 

Puoiplng 

Conditions  Period. *  hrs. 

Std.  cc./g./ 
100  hrs. 

Std.  cc./g./ 
400  hrs. 

t,** 
hrs . 

5  mole  % 

27 *C,  large  reactor 

6 

4 

.. 

<  60 

Above  material  pelletized 

20 

1.06 

1.90 

>800 

5  mole  X 

27 ‘C,  condensed  In 

6 

1.20 

2.57 

810 

5  mole  X 

*30*C,  large  reactor 

1 

0.46 

1.20 

>670 

Above  material  pelletlzad 

21.5 

0.50 

1.30 

>600 

1C  mole  X 

27 *C,  amall  reactor 

6 

0.57 

2.46 

560 

27 *C,  amall  reactov 

6 

0.48 

0.92 

>900 

10  mole  X 

’30*C,  large  raactor 

6 

1.16 

•  • 

80 

Above  material  pelletized 

6 

0.62 

1.48 

>480 

24 

0.66 

1.76 

340 

15  mols  X 

-30"C,  large  •'•ector 

6 

1.28 

150 

Above  isaterlal  pelik..l;ed 

6 

0.66 

1.48 

450 

52 

0.58 

230 

(10  mole  X  H,0-treated  starting  materiel) 

0.1 

0.32 

0.68 

(700) 

5.5 

0.46 

-- 

110 

*  Total  cumulative  hours  for  ''lets. 

**  Greater  than  signs  Indicate  xrne  terminrtet!  without  accelerated  decompositions. 


Previous  experience  with  water’ created  HP  baa  shown  tha..  pumplnx  can  offst.t  the  stahiiiva. 
cion  ettcct.  o£  water  treatment.  Thus,  most  of  the  data  shows  that  some  volatility  reduction 
was  achieved. 


(C)  The  variation  with  treating  conditions  was  not  surprising  In  view  of  the 
observations  made  during  the  treatmenta.  In  the  runs  at  room  twa^ierature ,  a  white  solid 
was  formed  on  the  upper  walls  of  Che  reactor.  Obviously,  dlsso'.latlon  of  the  atablllzai 
causes  reactions  In  the  gas  phase.  Tuus,  In  the  larger  rr^ccor  where  the  gas  phase 
reactions  are  favored,  we  observa  some  loss  In  rtablllty. 
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H,0C10,*N0,C10, .  . 
3  4  2  4(a) 

3(g)  3(g) 

HCIO, ,  .  +  NH,.  . 
^(g)  3(g) 


♦  HNO-,  .  +  2HC10,.  . 
3(g)  4(g) 

-►  NH.NO,,  . 

4  3(s) 

-►  NH.CIO, .  . 

4  4(s) 


Condensing  the  NH^  c.to  the  and  then  warming  to  room  temperature  apparently  favors  the 
surface  reaction  and  gives  r  se  to  higher  values  of  tg.  However,  the  large  concentrations 
of  NH3  may  also  promote  reaction  with  the  NF  rather  than  the  stabilizer,  thus  giving  higher 
gas  evolution.  To  facllltatr  the  surface  reaction,  we  added  gaseous  ammonia  to  the  water- 
treated  NF  at  low  temperatures,  ca.  -30*C.  This  gave  results  that  are  difficult  to  explain. 


b.  Fluff  and  Fellets  Gave  Different  Results 


(C)  The  effect  of  the  treatment  at  -30*0  is  not  clear.  Furthermore,  the  effect 
of  pelletizing  this  material  Is  most  surprising.  In  those  cases  for  which  the  treated 
fluff  gives  low  values  of  t^^,  pelletizing  appears  to  produce  higher  values.  This  effect 
remains  unexplained.  In  regard  to  the  fluff.  Figure  4  shows  that  higher  values  of  t,  are 
obtained  at  5  and  15  mole  %  than  at  10  mole  %.  The  5  mole  X  level  appears  best  for  t^; 
however,  the  volatility  at  this  level  Is  too  high  for  coating.  Fellets  from  the  10  mole  X 
NH3  treatment  give  Improved  t^  and,  after  pumping,  lower  volatility.  Fellets  made  from 
the  15  mole  X  NM3-treated  fluff  also  show  Improved  stability.  After  extended  pumping 
these  pellets  had  a  lower  volatility  than  the  10  mole  %  pellets;  however,  the  volatility  Is 
still  too  hl^  for  coating.  In  addition,  the  stability  tests  show  that  pumping  Is  decreasing 
the  stability. 


Figure  5 

Variation  of  t  with  KH..  Treatment  Level  (C) 
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From  our  reiulta  it  is  obvious  Chst  Che  amDonia  CreaCmenC  of  water- treated  NP  is 
a  very  complicated  process.  In  addition  to  the  complication  of  the  gas  phase  reaction, 
there  appears  to  be  a  number  of  control  factors  Chat  make  this  dual  treatment  unpractical. 
There  is  no  simple  way  of  determining  Che  extent  of  reaction  of  the  stabilizer.  Also,  side 
reactions  may  be  involved.  ■  The  unexplained  variation  with  Che  temperature  of  Che  treatment 
and  the  effect  of  pelletising  indicate  Chat  this  process  is  not  readily  controlled.  Thus, 
there  appears  Co  be  little  incentive  for  further  study  of  this  technique. 


3 .  Other  Treatments  Unsuccessful 


(C)  Several  other  attempts  were  made  Co  modify  water- treated  NP.  However,  Che 
results  of  t.iese  attempts  were  not  promising.  Thus,  modification  of  water-treated  NP  for 
volatility  reduction  remains  a  problem  in  Che  utilization  of  water-treated  NP. 


a.  BF.  Treatment  Uneffective 

(C)  During  Che  water  treatment  opt-tilzacion  studies,  BF3  was  added  Co  10  mole  % 
water-treated  NP.  The  results  of  this  treatment  (Section  IV)  showed  Chat  it  did  not  improve 
Che  stability  of  Che  water-treated  NP. 


b.  Trimathvlamine  Treatment  Detrimental 

(C)  In  addition  Co  ammonia  treatment,  we  treated  10  mole  %  water-treated  NP  with 
10  mole  %  of  trimcthylamine.  This  wou!d  give  a  cosq>avlson  with  amnonia  treatment  and  also 
show  Che  effect  of  changing  the  size  of  the  cation  in  the  stabilizer.  After  6  hours  of 
pumping  at  room  temperature,  the  treated  material  was  subjected  to  stability  testing. 

The  gas  evolution  wes  very  high,  2  sCd.  cc./g./lQO  hrs.,  and  the  decomposition  accelerated 
in  less  than  100  hrs.  Thus,  treatment  with  amines  is  detrimental. 


c .  Iodine  Pentoxide  Partially  Effective 

(C)  Another  modification  of  water-stabilized  NP  involved  Che  (ddiCion  of  an 
anhydride.  Reaction  of  the  anhydride  with  the  hydronium  perchlorate  ahould  effectively 
lower  the  volatility.  However,  the  effect  of  this  reaction  on  the  aCabiliCy  was  uncertain. 
To  test  this  we  prepared  mixtures  which  contffned  5  and  10  wt.  X  iodine  pentoxide,  using 
10  mole  X  water-treated  NP.  After  the  mixtures  were  pumped  6  hours,  stability  tests  were^ 
made. 


_ 60 *C  Stuhilit" _ 

SMnie»  Std.  cc./k./IOO  hrs.  Std.  cc./g./400  hrs.  _t,i _ 

5  wt.  X  IjOj  1.18  2.34  500 

10  wt.  X  IjOj  0.68  1.64  >600 

*  Mixture  made  with  10  mole  %  H20-tr«cCed  NP. 

The  high  values  of  t^  indicate  that  some  retention  of  the  stabilizer  was  achieved.  Thus, 
this  approach  gives  some  reduction  in  volatility.  However,  the  high  gas  evolution  at  Che 
lower  level  indicates  chat  a  high  level  of  additive  is  necessary.  Thus,  this  type  of 
stabilisation  appears  unattractive.  In  addition,  Costa  with  untreated  NP  and  iodine 
pentoxide  have  ntiown  more  beneficial  reaulta.  Thia  is  described  in  Che  next  section. 
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VIII.  ADDITIVB  SCRK?;mG  STUDY 


(U)  Turing  the  course  of  Che  NF  studies,  we  conducted  a  screening  program  in 
search  of  other  addiCivss  which  stabilise  NF.  This  study  was  partly  empirical  and  partly 
guided  by  our  thoughts  on  NF  stabilisation  at  Che  tine.  Since  Che  study  extended  over  the 
entire  period  of  Che  contract,  it  reflects  periodic  changes  in  our  views  on  NF  stabilisa¬ 
tion.  Although  some  generalisations  O’'  Che  effect  of  various  additives  can  be  made,  we  have 
not  found  any  uniform  theory  for  additive  selection.  In  fact,  some  of  Che  potjitive  results 
still  cennot  be  explained. 


A.  FEW  ADDITIVBS  IMFROVE  STABILITY 


(U)  An  effective  stabiliser  for  NF  should  give  both  a  high  value  of  t^  and  a  low 
value  of  gas  evolution  when  mixed  with  NF  in  s  vill  amounts.  We  found  few  cases  which 
approached  these  requirements. 


1.  Effective.  But  Too  Much  Re*luired 

(C)  Iodine  pentoxide  was  one  of  the  few  materials  which  gave  both  Increased  C,^ 
and  low  values  of  evolved  gaa.  However,  the  amount  needed  to  give  reasonable  values  of 
results  in  significant  losses  in  the  energy  content  of  the  mixture.  We  have  no  explsina- 
tion  as  Co  how  this  stabiliser  acts.  Unfortunately,  it  was  discovered  late  in  the  study 
and  further  investigation  was  not  possible. 


60*C  Stability 


Additive 

Level 

Std.  cc./g./lOO  hrs. 

Std.  cc./g./AOO  hrs. 

t*,  hrs. 

1  wt.  t 

0.55 

— 

100 

^205 

5  wt.  X 

0.59 

1.22 

460 

I2O5 

10  wt.  X 

0.62 

1.10 

600 

2.  yiuortne  Treatment  Also  Increases  t, 

(C)  We  also  discovered  late  in  Che  project  Chat  a  nild  treatment  with  fluorine 
gas  increases  C4.  The  magnitude  of  Che  effect  is  not  as  great  as  water  treatment,  but 
then  the  level  of  treatment  is  uncertain.  Also  this  stabilixatlon  may  indicate  a  different 
mechanism  for  stablliMtion.  Recently,  free  radicals  have  been  found  in  NF  (14).  Thua. 
fluorina  may  acayenge  these  free  ridlcala  and  thereby  give  greater  stability.  An  alter¬ 
nate  possibility  is  Chat  fluorine  may  oxidise  and  remove  the  carboneous  impurities  which 
,iroduce  Che  carbon  dioxide  pt«.vlotnly  observed  in  Che  evolved  gas.  Since  little  fliorine 
it  likely  to  rer^ln  in  the  Created  HP,  a  less  volatile  additive  islch  similar  properties 
would  be  a»re  effective. 
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Treatment* 

Pumping 

Period 

60*C  Stability 

Std.  cc./s./lOO  hrs. 

tj,  hrs. 

None 

10  min. 

0.58 

.. 

100 

30-45*C,  0.5  mmoles/min. 

5  min. 

0-32,  0.34 

1.28,  1.54 

320 

0”C,  0.2  nsDoles/min. 

10  min. 

0.70 

1.24 

350 

Pellets  of  above 

10  min. 

0.34 

-- 

150 

3  hrs. 

0.36 

.. 

150 

*  Treatment  with  20X  F2  In  for  a  period  of  40-45  minutes. 


3.  Some  Acids  Increase  t, 

(C)  Screening  tests  on  a  ntsober  of  acids  showed  increases  in  t^,  but  also  usually 
gave  higher  gas  evolution.  Considering  the  composition  of  the  effective  acids,  we  believe 
that  they  probably  represent  a  modification  uf  water  treatment.  Since  the  addition  of  a 
low  volatile  liquid  to  HP  involves  mixing  problems,  it  is  doubtful  that  these  additives 
have  any  real  value.  An  exception  to  this  is  periodic  acid,  H^IOg.  This  crystalline 
hydrate  is  the  only  -crystalline  hydrate  that  we  have  found  effective  in  stabilising  NP. 

This  might  provide  a  convenient  means  of  adding  water  to  HP;  however,  the  energy  loss  and 
potential  volatility  problem  make  this  unattractive. 


60»C  Stability 


Additive 

Treatsmnt  Level 

Std.  cc./g. /lOO  hrs. 

Std.  cc./g. /400  hrs. 

ta,*  hrs. 

H,I0- 

1  wt.  X 

O.SO 

1.56 

740 

J  0 

5  wt.  X 

0.60 

1.34 

>970 

10  wt.  X 

0.58 

1.38 

>970 

HC10,*2H.0 

0.25  cc./g.  of  NP 

0.86** 

1.8** 

>500 

2.74 

-- 

>300 

0.1  CC./2  g. 

1.5** 

2.40** 

>690 

1.6 

2.42 

>690 

H3PO4 

0.53  CC./2.5  g. 

0.96,  0.90 

3.0,  2.94 

>500 

None 

0.72,  0.82 

-- 

60  to  100 

*  Greater  thin  signs  indicate  no  acceleration  evident  when  test  was  discontinued. 
VTS  sas:q>ls  evacuated  at  -196*C. 


B.  MANY  ADDITIVES  ARK  hITRDlEWTAL  TO  HP 

(U)  Many  of  the  additives  tested  resulted  in  excessive  gas  evolution.  In  some 
cases  ta  ««s  reduced  and  in  others  the  effect  on  t^  was  obscured  by  the  gas  evolution.  In 
either  cane,  the  additive  definitely  is  not  a  stabiliser. 


1.  Inoraanic  Salts  Qeually  Csuse  Excess  Gas  Evolution 

(U)  During  the  project  a  nua^r  of  salts  were  tested  for  various  reasons.  Hov- 
ever,  the  results  of  these  tests  clearly  showed  that  ionic  salts  generally  lead  to  excessive 
gei  evolution.  It  is  possible  thst  a  salt  with  the  right  crystal  structure  could  lead  to 
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stabilization  when  Incorporated  Into  the  crystal  structure  of  NP.  However,  It  Is  doubtful 
that  such  a  condition  could  arise  out  of  simple  mixing  of  the  dry  solids.  Thus,  salts  a.iow 
no  potential  as  additive  stabilizers.  This  agrees  with  our  previous  findings  on  NaBF, , 

NaF  and  other  salts. 


60*C  Stability 

Additive 

Level 

Std.  cc./g./lOO  hrs. 

t,,  hrs. 

LIF 

.1  g./0.5  g.  NP 

(  >  4.  In  40  hrs .) 

Mg(C10^)2 

.1  g./0.5  g. 

1.16 

<50 

NalO. 

1  wt.  % 

>3 

<60 

4 

5  wt.  T, 

>3 

<60 

10  wt.  1 

>3 

<60 

.005/0.5  g. 

>4 

<50 

2.  Some  Solid  Acids  Give  High  Gas  Evolution 

(C)  Early  In 

the  water  treatment  study,  tests  were  made  on  a 

few  compounds  to 

determine  If  solid  acids  would  be  effective. 

In  contrast  to  the  effect 

:  of  some  of  the 

mineral  acids,  these  compounds  gave  excessive 

gas  evolution. 

60  *0  Stability 

Additive 

Level 

Std.  cc. /g./l 00  hrs. 

t  .  hrs. 

H2SIO, 

0.0722/0.9  g.  NP 

-- 

50 

CFjCOOH 

0.0727  CC./1.25  g. 

1.41,  1.61 

100 

AlCOH)^ 

0.0302  g./l  g. 

— 

50 

HIO, 

1  wt.  X 

1.1 

<100 

5  wt.  X 

>3.0 

<  60 

10  wt.  X 

>4.0 

<  60 

(Pyrophos- 

.15  CC./2.5  g. 

(1  cc.  In  20  hrs.) 

<  50 

phorlc  Acid) 


3.  Itenv  G*luc»  Give  Hitfi  Gas  Bvolutlon 

(U)  Early  In  the  program  a  number  of  oxides  wars  tested.  Originally  these  oxides 
seeaed  attractive  because  they  could  scavenge  residual  water  and  would  be  reslrtant  to 
oxidation.  Since  ultra-dry  Is  not  the  anlutlon  to  HP  stability.  It  Is  not  surprising 
that  these  additives  proved  to  be  ineffective.  Of  those  oxldact  tested,  V2OJ  had  little 
effect  and  Cr20^  gave  an  Increase  In  t^.  The  rest  gave  excessive  gassing  or^iow  values  of 
^a’ 
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60*C  stability 


Additive 

Level  Std.  cc./x./lOO  hra. 

t. 

HgO 

.1  g./0.5  g.  of  NP 

(1  in  1  hr.) 

— 

0.05  g./0.5  g. 

.01  g./0.5  g. 

-- 

50 

50 

®2°3 

.1  g./0.5  g. 

(>4  In  20  hrs.) 

— 

CuO 

.1  g./0.5  g. 

-- 

50 

Alumine 

.1  g./0.5  g. 

-- 

50 

Ago 

.1  g./0.5  g. 

(  >4  In  5  hrs.) 

— 

V2O5 

.1  g./0.5  g. 

.82 

100 

Cr203 

.007  g./0.5  g. 

1.32 

190 

4.  Fuels  Are  Bed 

(U)  Included  In  our  sctoenlng  program  were  some  materials  that  could  be  classed 
as  fuels.  Host  of  these  materials  have  some  degree  of  oxidation  resistance.  However, 
our  experience  Indicates  that  even  a  poor  fuel  reacts  with  HP  at  60‘C. 

6C'C  Stability 

Additive 

Level 

Std.  cc./k./IOO  hrs 

.  La.  hrs. 

H2C2O4.2H2O 

C^FjOH 

0.016/g./0.5  g.  of  NP 

2.6,  2.6 

-- 

Graphite 

.002  g./0.5  g. 

>40 

-- 

Silicone  grease 

Coating  on  pellet 

Exploded 

-- 

^2 

1  wt.  1 

>4.0  In  90  hrs. 

-- 

Cobalt  Fhthalocyanlne 

1  wt.  % 

>3.0  In  16  hrs. 

-- 

(CH3)^NI04 

5  wt.  % 

>3.0  In  60  hrs . 

-- 

0.  Nltroxen  Oxides 

Cause  Gaa  Evolution 

Although  they  are  not  really  consider  aa  addltlvec ,  teats  were 
oxides  tn  thc  effect  cf  theSe  gisrj  under  our  cesi;  conditions, 
little  effect,  both  N3  and  NC^  caused  high  gas  evolution. 

Blade  on  nitrogen 
Although  N2O  had 
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60*C  Stability 


Additive 

Level 

Std.  cc./k./IOO  hrs. 

t..  hrs 

NjO 

12  mm  pressure 

.68 

110 

MO 

12  mm 

(  >3  in  50  hrs.) 

NO 

17  mm 

(>4  In  22  hrs.) 

_ — 

C.  SOME  mXERIALS  GIVE  LITTLE  EFFECT 


(U)  Some  of  the  effects  noted  in  the  previous  subsection  were  small  and  probably 
reflect  changes  in  the  water  content  of  the  NP.  Some  tests  were  made  on  silica  gel  and 
Cab-o-sil,  but  the  results  were  erratic  and  it  was  uncertain  Just  what  effect  these 
materials  had.  In  conjunction  with  our  precoating  studies,  teats  were  made  with  Kel-F 
waxes.  These  teats  showed  no  significant  changes  in  gas  evolution. 


60*C  Stabilitv 

mmssm 

Uncoated  Pellets* 

0.92,  0.78 

1.06,  1.63 

>500 

Kel-F  40  coated  pellets 

0.78,  0.78 

1.32,  1.58 

>500 

Rel-F  200  coated  pellets 

*  Pellets  made  by  Ihiokol. 

0.98,  0.70 

1.64,  1.30 

>500 
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IX.  CRYSTAL  MODIFICATION  ATTEMPTS 


During  the  latter  part  of  the  current  atudy,  we  attempted  to  change  the  cryatal 
structure  on  the  aurface  of  the  MP.  In  this  approach,  we  hoped  to  stabilize  NF  In  a  manner 
similar  to  that  of  water- treated  MP  without  use  of  a  volatile  stabilizer.  Incorporation  of 
suitable  Ions  In  the  structure  of  the  MP  might  deactivate  the  aurface  sites  which  are  the 
Initial  sites  of  the  decomposition. 


A.  TETRAFLUOROBORATE  SALTS  SELECTED 


Two  tetrafluoroborate  salts  were  selected  to  test  this  hypothesis  of  MP  stabili¬ 
zation.  The  tetrafluoroborate  Ion  Is  similar  to  the  perchlorate  Ion  except  that  It  shows 
little  tendency  to  Interact  with  nltronlum  Ions.  Crystal  studies  on  MP  show  that  the  M02'^ 
and  C10^~  are  slightly  distorted  (1^;  but,  studies  on  nltronlum  tetrafluoroborate  (^g) 
Indicate  little  Interaction  occurred.  Therefore,  looked  attractive. 

The  studlea  on  water  stabilization  of  MP  Indicated  that  the  Interaction  of  1130^ 
Ions  In  the  MP  crystal  atructure  Is  an  Important  factor  In  the  resulting  stabilization. 
However,  this  Ion  alao  cauaea  volatility  problema.  Since  the  MR^'*'  Ion  ahows  crystal 
properties  similar  to  the  H30^  Ion,  It  also  appeared  attractive.  Furthermore,  It  could 
Interact  with  the  perchlorate  Ion  by  hydrogen-bonding  and  thus  decrease  the  distortion  of 
the  MO2'*'  Ions  .  Therefore,  MO2BF4  and  M^4BF4  were  selected  as  model  salts  for  the  crystal 
modification. 


B.  RESULTS  MOT  EMCOURAGIMG 

The  ammonium  tetrafluoroborate  was  prepared  by  reaction  of  aomonlum  fluoride  with 
boron  trlfluorlde.  After  aubllmatlon,  the  resulting  amaonlum  tetrafluoroborate  was  mixed 
with  MP  and  the  mixture  slurried  In  nltromethane.  The  solvent  was  removed  under  vacuum  and 
the  mixture  tested.  At  60*C  excessive  gassing  was  observed. 

Similarly,  nltronlum  tetrafluoroborate  was  prepared  from  nltronlum  fluoride  and 
boron  trlfluorlde.  Several  variations  were  carried  out  which  ln>:luded  In  situ  preparation 
on  the  MP.  However,  these  attempts  all  resulted  In  excessive  gas  evolution  during  stability 
testing.  Finally,  nltronlum  tetralfuoroborate  Itaelf  was  tested.  This,  too,  gave  high 
gas  evolution. 


Modifier 

NH^BF^ 

M02BF^ 

M02BF^ 

(neat  NOjBF^ 
(neat  1I02BP^ 


60*C  Stability 


Condition 

Std.  cc./g./lOO  hrs. 

^a.  hrs 

39  wt.X,  slurried  In  CH^M02 

(>4  In  16  hra.) 

— 

prenared  In  situ  In  CH^MO^ 

>3.0 

—  - 

prepared  In  situ  without  solvent 

0 

A 

<50 

prepared  In  CH^RC2) 

3.1 

>350 

prepared  without  solvent) 

(>4.0  In  17  his.) 

— 

CONRDENTIAL 


c. 


BETTER  SOLVENT  NEEDED 
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Although  nltronlum  tetrafluoroborate  no  longer  looks  attractive  as  a  crystal 
modifier,  the  use  of  ammonium  tetrafluoroborate,  or  ammonium  perchlorate,  cannot  be  readily 
dismissed.  The  critical  facet  of  this  approach  is  the  achievement  of  a  mixed  crystal  system. 
This  requires  intimate  contacting  between  the  NF  and  the  modifier.  Unfortunately,  a  good 
solvent  for  this  prupose  is  not  known.  NP  is  partially  soluble  in  nitromethane  but  also 
appears  to  react  with  it.  In  our  experiments,  the  nitromethane  turned  yellow  after  contact 
with  NF.  Purification  of  the  nitromethane  failed  to  eliminate  this  reaction.  This  reaction 
appears  detrimental  to  the  NF.  Even  10  mole  \  water- treated  NF  showed  a  loss  in  stability 
(gas  evolution  ^  3  std.  cc./g.  after  18  hrs.  at  60*0)  after  contact  with  nitromethane. 
'Further  work  on  crystal  modifiers  would  be  attractive  if  a  solvent  compatible  with  NP  was 
found . 
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X.  SYNTHESIS  STUDY 


(U)  A  limited  synthesis  study  was  made  with  a  small  laboratory  synthesis  unit 
which  was  available  from  the  previous  ASPA- sponsored  work.  The  unit  was  originally  designed 
to  produce  ultra-dry  NP  from  NO2)  CIO2  and  ozone,  but  during  this  study  the  unit  was  modified 
to  Improve  purity. 


A.  ULTRA- PURE  NP  WAS  OUR  OBJECTIVE 


(C)  Initially,  we  attempted  to  prepare  ultra-dry  NP  as  a  reference  material  for 
our  stability  tects.  However,  analysis  showed  our  sample  contained  0.019  wt.7.  hydrogen. 

When  the  relationship  of  water  content  to  NP  stability  was  established,  this  approach  was 
dropped.  Instead,  we  attempted  to  produce  NP  of  higher  purity.  Mass  spectral  analysis  of 
the  decomposition  gases  had  revealed  a  small  amount  of  carbon  dioxide.  Elimination  of  this 
component  from  the  decomposition  products  would  give  a  significant  reduction  In  the  gas 
evolution.  Also,  we  hoped  that  carbon-free  NP  might  show  exceptional  stability.  Therefore, 
the  unit  was  modified  to  reduce  exposure  to  CO^  during  synthesis. 


B.  SYNTHESIS  RESULTS  DISCOURAGING 


(U)  All  the  NP  produced  In  this  study  exhibited  poor  stability.  A  typical  sample 
gave  0.9  std.  cc./g.  after  only  20  hrs.  at  60*C.  Before  modification  of  the  synthesis  unit, 
the  decomposition  gases  from  the  NP  samples  contained  61.4%  C02>  We  believed  that  this  CO2 
was  Incorporated  In  the  NP  durlnv  synthesis.  Probably,  CO2  was  being  adsorbed  from  the  air 
stream  used  to  make  the  ozone.  To  circumvent  this,  we  Installed  an  efficient  CO2  adsorber 
In  the  air  stream.  Tests  showed  no  CO2  in  the  scrubbed  air. 


1 .  C0„  Still  Present  In  Decomposition  Gases 

(U)  NP  prepared  after  modification  to  remove  CO2  still  showed  considerable  gas 
evolution  In  stability  teste.  The  CO2  content  of  these  gases  was  reduced  to  41%  but  not 
eliminated.  The  source  of  this  CO2  Is  still  uncertain.  Possibly  it  arises  from  the 
oxidation  of  some  carbon  source  In  the  unit. 


2.  NP  Has  Low  Bulk  Density 

(C)  The  NP  which  was  synthesized  In  our  lab  unit  also  had  a  very  low  bulk  density. 
Apparently  this  was  a  consequence  of  the  conditions  used  in  our  unit  —  low  partial  pressures 
and  room  temperature*).  Variation  of  the  flow  rates  of  the  various  synthesis  streams  failed 
to  produce  any  marked  Improvement  In  this  property.  The  very  fine  particle  size  Is  also 
likely  to  be  the  cause  of  the  poor  stability.  The  decomposition  Is  Initiated  on  the  surface 
of  the  NP.  Thus,  the  laiget  eucsace  area  associated  with  the  fine  particles  results  In  a 
greater  decomposition  rate.  Gallery  has  reported  (17)  a  similar  effect  of  lower  particle 
size  and  greater  gas  evolution  for  NP  produced  at  temperatures  below  their  normal  synthesis 
condition.  Therefore,  the  particle  size  effect  appears  tu  be  more  Important  than  ultra 
purity. 
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XI.  MISCELLANEOUS  EXPERIMENTS 


(C)  In  order  to  establish  a  relationship  between  the  results  obtained  In  our  labs 
with  those  at  Union  Carbide,  tests  were  made  by  us  on  samples  received  from  them.  The  first 
sample  tested  wss  some  pellets  originally  made  by  Thlokol.  These  pellets  were  used  by 
Union  Carbide  In  their  "Reta"  coating  program.  Our  test  showed  that  these  pellets  hsd  e 
proton  content  of  0.306  wt.7.  and  a  range  of  0.66  to  0.92  std.  cc./g./lOO  hrs.  st  60°C.  The 
value  of  tg  was  >500  hrs.  Oddly  enough,  the  crushed  pellets  gsve  grester  gas  evolution 
at  60°C  (>3.8  std.  cc./g.  In  50  hrs.) 

Later  In  the  program  we  received  a  sample  of  "Rets"  coated  NF  pellets  designated 
"7703-66"  by  Union  Carbide.  These  were  similar  pellets  made  by  Thlokol  which  has  been 
coated  by  Union  Carbide.  The  coating  consisted  of  the  following'  (1)  Kel-F  40/200  wax 
mixture,  (2)  magnesium  oxide,  and  (3)  two  Reta  layers.  The  ;as  evolution  for  the  material 
was  the  lowest  that  we  have  observed;  however,  the  value  of  j  ranged  from  350  to  500. 

After  the  samples  showed  accelerat'id  deco. 'position,  the  pe  s  were  exposed  to  atmospheric 
air.  After  standing  overnight,  o.ily  11  to  33%  of  the  ^e'  ls  showed  signs  of  hydrolysis. 
This  Indicates  that  only  a  small  number  of  the  pellets  had  .''srupted  or  Incomplete  costings 
at  the  conclusion  of  the  test.  Thus,  small  Improvements  In  dtablllty  and  coating  should 
^tive  s  marked  lT;cre^£?  In  t.ie  stability  results. 


...ample 

bO'C 

Stability 

Std.  cc./g. /lOO  hrs. 

Std./cc./g./400  hrs. 

^a 

Reta  coated 

0.20 

0.46 

400 

Rec.<  coated  (Hg  contaminated) 

0.12 

0.62 

350 

Reta  coating 

0.22 

0.40 

500 

A  sample  of  1/8  Inch  pellets  sjsde  '"rou  10  mole  X  water- treated  NP  was  delivered 
to  Union  Carbide.  An  attempt  was  made  to  this  material  with  a  "Reta"  material. 

Unfortunately,  difficulty  wsij  encour.i  cd  In  evacuation  and  the  coating  was  attempted  at 
100  microns  pressure  rather  than  tt  u->' <il  pressure  of  20  microns.  As  soon  as  coating  was 
started,  the  pressure  rose  suddenly  aoc^  the  monomer  backed  up  Into  the  furnace  and  decomposed 
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XII.  CONCLUSIONS  AND  RECOMMENDATIONS 


(C)  Stabilization  of  NP  by  BF3  has  limited  utility.  Reduction  of  gas  evolution 
i?.  apparently  achieved  by  reaction  of  BF3  with  evolved  nitrogen  oxides.  BF3  is  consumed 
and  has  little  effect  on  the  onset  of  the  accelerated  reaction.  Nevertheless,  some  benefit 
has  been  achieved  when  used  with  "Reta"  coating. 

(C)  Ultra-dry  NP  does  not  appear  to  be  the  answer  to  the  stability  problem. 

Although  dried  samples  show  low  gas  volution  at  60°C,  the  induction  period  before  accelerated 
decomposition  is  short.  In  contrast,  water  treatment  of  NP  gives  a  marked  increase  in  the 
time  for  the  onset  of  accelerated  decomposition  (tg) .  10  mole  %  H2O  treatment  (1.23  wt.%) 

is  the  optimum  treatment.  This  yields  tg  values  greater  than  1000  hrs.  at  6&°C  and  gives 
low  gas  evolution  (0.5  std.  cc./g./lOO  hrs.  at  60°C) .  Unfortunately,  the  stabilizer  is 
volatile  and  can  be  removed.  Therefore,  water- treated  NP  must  be  coated  to  be  useful. 

(C)  Kel-F  waxes  are  not  strong  enough  to  be  used  as  a  precoating  for  water- treated 
NP  prior  to  "Reta"  coating.  The  volatility  of  the  stabilizer  is  sufficient  to  disrupt  the 
wax  film.  Therefore,  some  other  method  of  volatility  control  is  needed.  A  dual  treatment 
of  water  followed  by  ammonia  has  given  reduced  volatility;  but,  variation  in  results  makes 
control  of  the  process  doubtful. 

(C)  Screening  studies  failed  to  uncover  any  nractical  additives  for  stabilization. 
Two  additives  (fluorine  and  iodine  pentoxide)  gave  improvements  that  might  merit  further 
study.  Mechanism  studies  might  reveal  new  methods  ior  stabilization.  Also,  the  effect  of 
interhalides  on  NP  might  be  informative. 

(C)  We  failed  to  achieve  any  stabilization  • t  attempts  to  modify  the  surface 
crystal  structure  of  NP  with  N02BF^  and  NH/;BF^.  Kowe  r,  this  approach  requires  a  compatible 
solvent.  If  a  solvent  that  is  compatible  with  NF  is  discovered,  this  approach  should  be 
investigated  further. 

(C)  Synthesis  conditions  of  NP  affect  the  stability.  Those  factors  which  influence 
particle  size  are  most  important.  Very  small  particles  are  less  stable  than  larger  ones. 

There  is  still  a  need  to  eliminate  the  source  of  CO2  observed  in  the  stability  tests  during 
the  Induction  period. 

(C)  These  studies  have  shown  that  under  certain  conditions  the  stability  of  NP 
can  be  improved.  Particularly,  the  accelerated  decomposition  can  be  greatly  retarded. 

This  suggests  that  NP  is  not  Inherently  unstable.  However,  the  established  relationship 
between  water  and  NP  clearly  Indicates  that  any  stabilized  NP  will  require  protection  from' 
moisture  even  at  very  low  levels.  Elimination  of  all  gas  evolution  during  the  induction 
period  at  60°C  requires  the  elimination  of  the  source  of  the  carbon  dioxide  observed  in  the 
decomposition  gases.  Further,  development  of  a  non-vclatile  stabilizer  seems  unlikely 
without  the  discovery  of  a  compatible  solvent. 


t 
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APPENDIX  I 

STABILITY  TEST  METHODS 


(U)  Stability  tests  involved  several  different  types  of  apparatus  and  procedures. 
The  majority  of  the  tests  were  made  in  the  standard  apparatus  shown  In  Figure  6.  This 
apparatus  was  originally  designed  by  Dr.  J.  A.  Brown  of  Esso  Research  and  Engineering  Company 
for  use  in  Vacuum  Thermal  Staf  .llty  tests  during  the  ARPA- sponsored  work.  In  general,  the 
tubas  were  cleaned,  dried,  eva  ■>*'ed,  then  flamed;  mercury  was  added  and  boiled  under  vacuum 
to  remove  any  air.  The  tubes  .,e*e  loaded  wit',  the  K?  samples  in  a  dry-box  maintained  below 
1  ppm  of  K2O  and  usually  operated  at  0.5  ppm  HjO.  T’le  box  utilized  air  that  was  dried  with 
a  Gllbarca  Heatless  Dryer.  The  moisture  content  was  monitored  with  a  Gllbarco  Sorption 
Hydrometer . 

(U)  After  the  tubes  were  loaded,  they  were  evacuated  for  10  minutes  and  placed  in 
a  60°  oven.  For  readings,  the  tubes  were  normally  removed  from  the  oven  and  cooled  to  room 
temperature.  Gas  evolution  in  std.  cc./g.  were  calculated  from  pressure,  volume  (approx. 

9  cc.)  and  temperature  using  the  ideal  gas  law.  Time  corrections  were  made  for  cooling 
tubes,  taking  readings  and  reheating  the  sample. 

(U)  A  second  type  of  apparatus  usedwasa  modification  of  the  first  in  which  a 
teflon  needle  valve  was  located  between  the  manometer  and  the  stability  tube  (point  A  in 
Figure  6).  With  this  apparatus  we  could  minimize  the  contact  between  the  decomposition 
gases  and  mercury  vapor.  In  practice,  the  opening  and  closing  of  this  value  eventually 
caused  leakage  when  readings  were  taken;  therefore,  this  apparatus  was  not  used  to  any 
great  extent. 

(U)  For  mass  spectral  studies,  the  apparatus  in  Figure  7  was  used.  This  tube  was 
filled  in  the  dry-box  and  closed  with  a  stopcock  attached  to  the  proper  ball  joint.  The  unit 
was  then  connected  to  a  vacuum  system.  After  evacuation  the  tube  was  sealed  off  below  the 
ball  joint.  The  tube  was  then  placed  in  an  oven.  After  heating  for  the  desired  time,  the 
unit  was  attached  to  a  mass  spectrometer  and  opened  by  means  of  the  break  seal. 

(U)  The  fourth  type  of  apparatus  was  another  all  glass  unit  (Figure  8)  which 
utilized  a  glass  membrane  as  a  null  indicator.  By  balancing  the  pressure  on  the  reference 
side  of  the  membrane  to  natch  that  on  the  sample  side,  tbt  decomposition  of  the  NP  can  be 
followed  without  exposure  to  mercury.  Loading  of  the  apparatus  was  similar  to  the  sealed 
tube  noted  above,  but  a  little  more  tedious.  These  glass  diaphragm  units  were  purchased 
from  Reaction  Motors  at  Denvllle,  New  Jersey. 
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APPENDIX  II 

PROTON  ANALYSIS  OF  NITRONIUM  PERCHLORATE 


(U)  The  following  method  of  trace  proton  analysis  developed  largely  under  ARPA 
sponsored  Army  Contract  No.  DA-30-O69-ORD- 2487  was  finalized  under  Air  Force  Contract  No. 
AF-04- (611) - 10538  and  the  fully  developed  procedure  is  being  reported  here. 

A.  INTRODUCTION 

(U)  This  method  comprises  a  combustion- gas  chromatography  technique  (19.20)  for 
analysis  of  hydrogen  in  the  50-1000  ppm  range.  In  principle,  the  sample  and  its  products 
are  reacted  with  the  combustion  tube  packing  which  cons^'-ts  of  zones  of  hot  copper  oxide, 
copper,  silver  and  iron,  to  form  hydrogen  and  nitrogen  gas  according  to  the  following 
simplified  equations. 

NP  (with  protonic  impurities)  >  jj  0  +  NO  .  . . 

Z  n 

H„0  +  NO  —  ■>  H„0  +  N„ 

4  n  4  4 

“2°  ^2  ^2  ^2 

The  hydrogen  gas  formed  is  measured  in  a  calibrated  thermsl  conductivity  detector.  Initial 
analysis  of  two  samples  of  commercial  NP  with  a  level  of  about  0.02  to  0.03  wt.  ’L  hydrogen 
gave  an  estimated  precision  of  +  0.0047„.* 


B.  APPARATUS 

(U)  1.  Dry  Box.  An  air  dry  box  equipped  with  a  Gilbarco  Heatless  Dryer  was  used 
in  this  pijcedure.  This  box  was  maintained  at  a  moisture  content  of  0.5  ppm  or  less  and 
was  monitored  with  a  Gilbarco  Sorption  Hydrometer. 

(U)  2.  Combustion  Apparatus.  A  diagram  of  the  apparatus  is  shown  in  Figure  9. 
The  combustion  tube  is  heal  d  by  three  multiple  furnace  units:  type  123-1,  4  inch  size, 
obtained  from  the  Deni-Duty  Electric  Co.,  Milwaukee,  Wisconsin.  The  furnace  units  over 
the  packed  zones  are  maintained  at  725‘’C  1"  lO'C. 

(U)  The  by-pass  line  consists  of  a  stainless  steel  tube  of  approximately  the  same 
diameter  as  the  combustion  tube.  It  is  packed  with  copper  turnings  equivalent  to  the 
quantity  of  total  packing  in  the  combustion  tube.  The  purpose  of  this  hot  by-pass  system 
is  to  balance  this  gas  stream  with  the  sample  gas  stream  thus  giving  smoother  detector 
operation . 


(Ill  Tbo  cembustien  end  by-pass  <-uiuiccliuns  are  made  with  Swagelok  fittings. 


*  Tills  rai'thod  gives  total  proton  content.  Previous  NMR  analysis  on  the  0.02  wt.  7,  H 
saipjf  gave  no  signal  indicating  less  than  0.006  wt.  7.  of  hydrogen.  However,  the  NMR 
m.iy  .lot  bt  Sensitive  to  all  the  hydrogen. 
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i,U)  Argon,  the  sieve-dried  carrier  gas  (100  cc./min.),  is  directed  by  means  of 
solenoid  valves  into  either  of  two  possible  flow  systems,  i.e.,  (1)  through  the  combustion 
tube,  or  (2)  through  the  by-pass  system.  During  the  sample  combustion  stage  no  gas  flows 
through  the  combustion  tube.  The  flow  of  gas  during  this  stage  is  through  the  by-pass 
system  and  into  the  gas  chromatography  unit.  Upon  completion  of  the  combustion  atage  or 
cycle,  all  the  argon  is  dlrectea  through  the  combustion  tube  and  then  into  the  gas 
chromatography  unit.  The  use  of  the  balanced  by-pass  tube  system  allows  the  base  line  from 
the  gas  chromatography  detector  to  remain  steady  during  the  gas  switching. 

(U)  3.  Combustion  T'lbe  Dry  Box.  A  small  dry  box  at  the  entrance  end  of  the 
combustion  tube  offers  protection  against  uptake  of  water  from  the  atmosphere.  The  dry  box 
is  supplied  with  exhaust  argon  from  the  gas  chromatography  unit.  It  is  constructed  from 
3/8"  Lucitt  and  the  dimensions  are  18"  x  8"  x  10".  This  dry  box  is  also  used  to  keep  the 
combustion  boat  pusher  -.-od  and  gloves  reasonably  dry. 

(U)  4.  Combustion  Tube  and  Packing.  See  Figure  10. 

(U)  5.  Combustion  Boats.  Micro,  Platinum. 

(U)  6.  Gas  Chromatography  Unit.  Gow-Mac  Power  Supply  Unit,  Model  405-Cl,  a  micro 
thermal  conductivity  cell,  and  the  chromatographic  column  is  a  stainless  steel  tube  3/16" 
I.D.,  72  inches  long,  packed  with  Molecular  Sieve  Type  5A  (H'l  (40-60  mesh).  An  argon  flow 
rate  of  100  cc./min.  is  used  and  the  column  and  detector  are  maintained  at  room  temperature. 

(U)  7.  Spex  Mixer /Mill.  Catalog  No.  5000,  available  from  Spex  Industries,  Inc., 
Scotch  Plains,  New  Jersey. 

(U)  8-  Stainless  Stiel  Vial  and  Ball. 

(U)  9.  Weighing  Pig  Micro,  Fi scher-Por ter  Co.,  Warminster,  Pennslyvania ,  Catalog 
No.  179-952. 


C.  REAGENTS 

(U)  The  following  reagents  were  used: 


1. 

Copper  Oxide,  wire  form. 

reagent  grade,  ignited 

at  800°C. 

2. 

Copper  Turnings,  purified 

grade. 

chloroform 

.and 

acetone  washed 

3. 

Silver  Wool,  chloroform  and  acetone  washed. 

4. 

Quartz  Wool . 

5 . 

Iron  Wire,  reagent  grade. 

0.009" 

diameter . 

The 

wire  is  cut  in 

lengths,  chloroform  and  acetone  washed. 

6.  Molecular  Sieve,  type  5A,  40-60  mesh. 

7.  Df n f  trnh#.n7.ni r  Acid.  CP  vrade. 


to  1/4" 


8 .  Ammonium  Perchlorate. 

9.  Copper  Qxide-Dinitrobenzoic  Acid  Blend.  Weigh  a  suitable  quantity  of  the 
standard  and  1  to  1-1/2  grams  of  dry  powdered  copper  oxide  into  a  stainless  steel  vial 
containing  a  steel  ball.  The  vial  is  capped  and  the  mixture  blended  by  means  of  a  Spex 
Mixer/Mill.  Blend  intermittantly  for  about  90  seconds. 

10.  Copper  Oxide-Ammonium  Perchlorate  Blend,  prepared  in  same  I'anner  mentioned 

above . 

1 

I 

I 
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(U)  I.  Weights  of  calibration  standards  were  chosen  to  give  a  calibration  curve 
ranging  be  ween  2  and  g.  hydrogen  (Figure  11). 

NOTE:  The  samples  are  transported  to  and  from  the  weighing  and  combustion  areas 
in  a  desiccator  containing  ^2^^  sampling  is  performed  in  the  described  dry  box. 

(U)  2.  The  pyrolysis  zone  of  the  combustion  tube  is  cooled  with  dry  ice  to  avoid 
premature  decomposition.  It  ^s  Important  that  the  rest  of  the  combustion  tulie  not  be  cooled 
enough  to  cause  condensation  or  ■  y  moisture  admitted  during  the  sample  boat  insertion  step. 
The  cooling  is  best  accomplis'  by  placing  small  pieces  of  dry  ice  against  the  by-pass  tube 
under  the  sample  zone. 

(U)  3.  Close  off  the  flow  of  argon  through  the  combustion  tube  by  switching  the 
solenoids  to  the  by-pass  line. 

(U)  4.  Open  the  Swagelok  connection  on  the  combustion  tube  and  insert  the  sample 
boat  with  the  aid  of  a  wire  boat  pusher.  It  is  advisable  to  wear  some  sort  of  gloves  to 
minimize  the  effect  of  moisture  during  the  handling  of  the  "sample  weighing  pig"  and  boat 
push-rod.  The  push-rod  and  gloves  should  remain  in  the  combustion  tube  dry  box  when  not  in 
use . 


(U)  5.  Close  combustion  tube  and  activate  solenoids  to  direct  the  argon  flow 
through  the  combustion  tube.  Permit  the  argon  to  sweep  through  for  10  minutes.  During  the 
sweep-out  period  the  sample  zone  should  be  kept  cool  but  not  cold. 

(U)  6.  Activate  solenoids  to  direct  the  argon  flow  through  the  by-pass  line. 

(U)  7.  Close  the  sample  furnace  lid  over  the  sample  and  turn  on  the  heat.  The 
temperature  of  this  furnace  should  be  brought  up  to  750°C. 

(U)  8.  Turn  on  the  gas  chromatograph  recorder  and  select  the  range  attenuation 
after  a  30-minute  combustion  period. 

(U)  9.  Flame  the  cooler  end  of  the  combustion  tube  carefully  by  means  of  a  small 

torch . 


(U)  10.  Activate  the  solenoids  to  direct  the  argon  flow  through  the  combustion 
tube  into  the  gas  chromatograph  un<t. 

(U)  11.  Measure  the  peak  height  of  the  hydrogen  peak  and  plot  peak  height  vs.  p  g. 
hydrogen  (Figure  11) . 


E.  PROCEDURE 

(U)  1.  Accurately  weigh  approximately  20  mg.  of  NP  into  a  nla^^nl.m  bozt  and 
cover  with  annmvimotely  0-3  g.  uf  uiy  powdered  copper  oxide.  The  amount  of  copper 
oxide  used  must  be  weighed  and  a  blank  correction  made  accordingly. 

(U)  2.  The  combustion  procedure  is  the  same  as  that  described  for  calibration. 

(U)  3.  The  p  g.'s  of  hydrogen  present  in  the  sample  is  obtained  from  the  liydrogcn 
peak  height  on  the  calibration  curve. 
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F.  RESULTS 

(C)  Initial  results  usiii  >.is  procedure  gave  the  following  results  for  two 
different  sources  of  NP; 


Proton  Content  of  NP 


Source  Bottle 

Wt.  T  H  "Wt 

.  X  H„0" 

276-6 

0.023 

L 

0.21 

.017 

0.15 

0.017 

0.15 

0.017 

0.15 

0.025  (Cr =0.004) 

0.23 

276-138 

0.030 

0.27 

033 

0.30 

(C)  These  results  were  ootsined 

over  an  eight  day 

period.  The  variation  in 

results  were  originally  taken  as  an  indication  of  the  precision  of  the  method.  Later  results 
hav3  indicated  tl  at  the  reproducibility  of  the  method  may  be  better  anJ  that  seme  of  the 
variaCioas  are  due  to  actual  variations  in  the  moisture  content  of  the  NP  sample. 


G.  RKHARKS 


(U)  The  restriction  of  maintaining  the  dry  box  at  0.5  ppm  HjO  and  t..t  standardi¬ 
zation  of  the  unit  each  day  limits  the  output  to  one  analysis  per  day.  Although  the  life 
of  the  combustion  tube  packing  ic  relatively  long  during  the  standardization  runs,  the 
packing  has  been  changed  for  each  NP  analysis  due  to  the  high  level  of  chlorine  and  nitrogen 
oxides  and  the  resulting  degradation  of  the  column. 


Figure  9 


Schematic  Diagram  of  Proton  Analyser  (II) 
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10 

Combustion  Tube  of  Proton  Analyser  (U) 


COPPER  OXIDE  1-1/2" 


TO 

SWAGE1.0K  FITTING 

H - 28" - 
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APPENDIX  III 

STANDARD  WATER  TREATMENT  PROCEDURE 


(C)  The  stabilization  of  NP  by  water  treatment  is,  in  part,  dependent  on  the 
treatment  procedure.  Therefore,  the  standard  procedure  is  detailed  here  rur  reference. 

The  standard  treatments  have  been  conducted  with  2.5  g.  samples  of  NP.  Each  treatment  is 
carried  out  on  a  vacuum  rack  in  a  26  cc .  bulb  equipped  with  a  Fischer-Porter  valve.  The 
reactor  is  loaded  in  the  dry  box  (  1  ppm.  H2O)  and  then  evacuated  on  the  vacuum  line. 

The  desired  amount  of  water  is  placed  in  a  similar  bulb  and  attached  to  the  vacuum  line. 

The  water  bulb  is  cooled  to  -ISb^C  and  evacuated  to  remove  air.  After  the  water  bulb  is 
degassed,  it  is  allowed  to  warm  to  room  temperature.  The  NP  bulb  is  partially  immersed  in 
a  -80°C  bath  and  the  proper  valves  opened  to  allow  the  water  vapor  to  flow  into  the  NP  bulb. 
The  NP  bulb  is  shaken  with  a  vibrator  to  obtain  efficient  mixing.  Most  of  the  water  must 
be  condensed  on  the  NP.  Previous  experiments  have  shown  that  reaction  of  condensed  H2O  on 
the  walls  with  small  amounts  of  NP  produced  a  non-volatile  liquid.  After  the  initial 
mixing,  the  temperature  is  cycled  between  30®  and  -80°C  (or  -196°C)  to  remove  caked  NP  from 
the  walls.  Vibraf.on  of  the  reactor  is  continued  throughout  the  experiment.  When  mixing 
is  complete,  the  reactor  is  stored  overnight  in  a  -80°C  bath  which  warmed  to  room  temperature. 

(C)  If  samples  for  stability  testing  are  desired,  the  reaction  vessel  is  returned 
to  the  dry-box.  The  NP  is  removed  from  the  vessel,  thoroughly  mixed,  and  then  loaded  into 
the  VTS  tubes.  Prior  to  stability  testing,  the  VTS  tubes  are  evacuated. 

(C)  There  is  an  Important  consequence  of  this  testing  procedure.  The  handling  of 
the  treated  material  in  the  dry-box  exposes  the  sample  to  a  flowing,  dry  atmosphere.  This 
allows  some  volatile  component(s)  produced  during  the  reaction  with  H2O  to  escape. 

(C)  In  the  10  to  30  gram  treatments,  a  larger  vessel  (60  cc.)  was  used  and  the 
water  was  Introduced  stepwise  into  the  treatment  bulb.  To  aid  the  removal  of  the  volatile 
by-product,  these  larger  batches  were  evacuated  at  the  end  of  the  treatment.  In  addition, 
small  gless  beads  were  usually  introduced  with  the  NP  in  order  to  aid  mixing. 
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